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Abstract
In this thesis I present an analysis of the vertebrate faunal assemblage from Hay Cave, a site 
in the Mitchell-Palmer region of south-east Cape York, north Queensland. I propose that the 
vertebrate faunal evidence from Hay Cave is indicative of a high degree of stability in gross 
vegetation patterns. After viewing this information in light of other data from the site, it 
appears that the relatively stable vegetation patterns at Hay Cave reflect the limited extent of 
climatic fluctuations within the Mitchell-Palmer region from c.29,700BP until the present. 
Furthermore, I argue that the congruity between the vegetation patterns apparent at Hay Cave 
and those identified at Lake Koongirra and Lake Carpentaria supports Rowe’s (1998) 
hypothesis that the degree of environmental change in western south-east Cape York was 
comparatively limited.
The analysis of the vertebrate faunal assemblage is also used to examine changes in patterns 
of human activity at Hay Cave and indicates that alterations in the intensities of human use of 
the site broadly concur with the regional sequence of cultural change. In addition, although 
the magnitude of climatic alterations may have been low at Hay Cave, these changes had an 
impact on the intensity with which people used the site prior to c.3,100BP. This hypothesis 
largely corresponds with models of archaeological change in south-east Cape York (David 
and Lourandos 1997; Morwood and Hobbs 1995a). However, I argue that, during the late 
Holocene, patterns of site use diverge from the prevailing environmental conditions and thus 
Morwood and Hobbs’s (1995a) theory is not applicable at Hay Cave during this period.
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1CHAPTER 1: INTRODUCTION 
Introduction
This thesis presents a study of the vertebrate faunal assemblage from Hay Cave and discusses 
the implications of this evidence in relation to both variations in intensities of site use and 
localised palaeoenvironmental patterns. Hay Cave is situated in the Mitchell-Palmer 
limestone belt which is located within the wider confines of south-east Cape York, a region in 
which detailed archaeological and palaeoenvironmental studies have been conducted.
Patterns relating to both the cultural and climatic history of south-east Cape York have 
emerged from these regional studies and, in this thesis I endeavour to determine whether the 
data from Hay Cave concurs or conflicts with these trends. Evidence obtained from previous 
analyses of the Hay Cave site is also incorporated to broaden the discussion based on the 
assessment of vertebrate faunal remains. I conclude by drawing together the climatic and 
cultural evidence in order to assess the degree to which alterations in environmental 
conditions affected patterns of human behaviour at Hay Cave.
Aims of the thesis
The dual nature of my examination of the Hay Cave vertebrate faunal assemblage dictates that 
my research aims are twofold. They are:
1) to determine whether the vertebrate faunal assemblage from Hay Cave (hereafter referred 
to as the faunal assemblage), supports the established view of regional variation in patterns 
of human activity, particularly in relation to the purported intensification of site use in the 
late Holocene; and
2) to ascertain whether the evidence for palaeoenvironmental change at Hay Cave 
corresponds to the current palaeoclimatic model predicted for south-east Cape York.
2Whilst these two aims may seem distinct, it is not possible to fully examine the factors 
underlying change in patterns of human activity - such as those implicit to aim 1 above - 
without first gaining an understanding of the environmental context in which such variations 
occurred. The two goals of my thesis are therefore integrally linked.
Rationale
A very large quantity of evidence has been obtained from archaeological excavations in 
south-east Cape York over the last 25 years and, on the basis of this large regional data set, a 
series of trends have been identified. According to the accepted regional pattern, following 
the occupation of south-east Cape York around 37,000 years ago, human use of the region 
remained relatively stable until an initial increase in activity during the terminal 
Pleistocene/early-mid Holocene period, dating to c,17,000-5000BP. These changes 
accelerated in the late Holocene, culminating in a significant growth of the number of sites 
occupied and the intensity of their use during the last c.4000 years (David & Lourandos 1997; 
Morwood & Hobbs 1995a). Hay Cave presents evidence of human occupation from before 
29,700BP and therefore offers an excellent opportunity to determine whether the sequence of 
human activity at this site is generally consistent with the established regional pattern. 
However, the scalar perspective must be kept in mind; as I am analysing evidence from a 
single site, the vagaries of sampling are such that we cannot expect that trends at Hay Cave 
will precisely mirror every aspect of the broader south-east Cape York patterns.
Numerous palaeoenvironmental studies have also been conducted in south-east Cape York. 
Yet, the high degree of environmental diversity across this area dictates that it cannot simply 
be assumed that the climatic fluctuations evident in one locality also occurred across the range 
of ecological zones incorporated within the wider region (David & Chant 1995:374; Kershaw 
1981a:91). In fact, on the basis of evidence from Hay Cave, Rowe (1998:80) argues that
3climatic alterations in the western portion of south-east Cape York were of a lesser magnitude 
than those described by the accepted palaeoenvironmental model. Changes in environmental 
conditions are generally reflected in the broad composition of faunal assemblages. Thus the 
analysis of animal bone from Hay Cave can serve to highlight patterns of environmental 
change, and in particular, can provide evidence with which to examine Rowe’s (1998) 
hypothesis.
Models established by David and Lourandos (1997) and Morwood and Hobbs (1995a) 
attempt to explain the reasons underlying the variations in the archaeological record. These 
theories agree that, between 37,000 and 4000BP, patterns of human occupation of south-east 
Cape York largely followed environmental trends. Morwood and Hobbs (1995a) extend this 
hypothesis to also encompass the late Holocene period. In contrast, David and Lourandos 
(1997) argue that there was a decline in rainfall during the late Holocene and yet, rather than 
seeing a parallel downturn in intensities of site and regional occupation, levels of human 
activity increased. Due to this divergence between the environmental and cultural trends, they 
propose that the intensification of human activity in the late Holocene was related to socio­
demographic rather than to environmental change. The examination of both archaeological 
and palaeoenvironmental data from Hay Cave has the potential to contribute to this debate by 
providing a site-specific assessment of the degree to which climatic trends correlate with 
variations in patterns of site use.
Definition of “intensity of site use”
In this thesis “intensity of site use” is defined as “a general and relative index of the quanta of 
human activity at a site over a given unit of time” (Mitchell 1988:3). As a result of the 
difficulties associated with determining whether changes in site use are related to the 
frequency or to the duration of occupation, I follow David and Chant (1995:374) and do not
4distinguish between the two. This definition also applies to the general terms “human 
activity” and “site use”. The examination of changes in patterns of site use is but one aspect 
of the “intensification debate”, a debate in which this thesis is based, but which does not, of 
itself, form the focus of my enquiry.
The cumulative evidence approach
In discussing the detection of variation in intensities of site use, Hiscock (1981) makes the 
valid point that significant changes in the degree to which a site is used should be reflected by 
a variety of evidence relating to human activity. Thus, it is not acceptable to propose 
alterations in the intensities of site use simply on the basis of change in one aspect of the 
archaeological assemblage (Hiscock 1981). Rather, “any given test or index will possess its 
own internal limitations that can only be transcended by also considering alternative indices” 
(David & Lourandos 1997:4). This is particularly relevant to my study because faunal 
evidence can reflect a range of diverse factors including taphonomic processes, butchering 
strategies and site functions (Krueger 1997:66-67). Furthermore, in the absence of direct 
evidence such as animal bitemarks, it is very difficult to differentiate bone accumulated via 
human agency from that deposited by animals. For this reason, I have adopted what I refer to 
as the cumulative evidence approach, whereby the information obtained from the analysis of 
the faunal assemblage is viewed and interpreted in light of the patterns of deposition of other 
cultural indices such as stone artefacts and eggshell. By using this strategy, I have been able 
to establish a weight of evidence in support of my proposed hypothesis.
To a lesser extent, the cumulative evidence approach is also incorporated into the discussion 
of palaeoenvironmental patterns. Rowe’s (1998) examination of landsnail shell and calcium 
carbonate from Hay Cave produced a source of palaeoclimatic information with which to 
compare the results of the vertebrate faunal analysis. Thus, my theories regarding both the
5environmental and human past o f Hay Cave are not solely based on the analysis of the faunal 
assemblage, but also take into account a variety o f other evidence available from the site.
Research design and thesis organisation
As a result of the large quantity o f archaeological and palaeoenvironmental data available 
from south-east Cape York, my thesis is strongly focussed within the confines o f this region. 
For this reason, I do not explore the data from the wider Australian context to any great 
degree, but refer only to the generalised differences and similarities between broader 
continental trends and the models based in south-east Cape York.
This strongly regional emphasis emerges in Chapter 2 with the discussion of the regional 
palaeoenvironmental and archaeological context that is integral to any consideration o f the 
evidence from Hay Cave. In light of the environmental focus of my thesis, Chapter 3 
examines present ecological and climatic conditions in the Mitchell-Palmer area, a discussion 
which is essential in identifying factors which may differentiate this area from others in south­
east Cape York. Furthermore, the use o f the cumulative evidence approach dictates that the 
results o f previous archaeological studies from Hay Cave must also be described and 
assessed, a task undertaken in Chapter 3.
The theoretical basis for the use of animal remains to identify trends in both past 
environmental conditions and human behaviour is the source of much discussion in the 
archaeological literature. Although the methodology underlying faunal analysis is certainly 
not without its problems, the critical review o f the relevant literature in Chapter 4 
demonstrates that changes in the proportions and composition of the faunal assemblage can 
provide evidence relating to variations in palaeoenvironmental conditions. This discussion o f 
current research and experimental studies also reveals that faunal analysis has the capacity to
6produce a range of information which can be collectively used to assess the degree of human 
involvement in bone deposition, and by association, the intensities of human site use. The 
determination of the reliability of these methodologies and their applicability to the Hay Cave 
site provides the logic upon which I have based my selection of analytical methods. A precise 
explanation of these techniques and the reasons for their inclusion in the study is presented in 
Chapter 5.
In Chapter 6 ,1 describe the results of the vertebrate faunal analysis and in Chapter 7 these 
data are compared with the non-faunal evidence and used as the basis for inferences regarding 
temporal trends in Hay Cave’s environmental and human past. In the final chapter, the 
proposed cultural and environmental patterns are discussed in terms of their relationship to 
current understandings of the association between past human activity and palaeoclimatic 
change in south-east Cape York.
Conclusion
Through an examination of the faunal assemblage and the consideration of other 
archaeological evidence, this thesis identifies trends in the environmental and human past of 
Hay Cave. The strongly regional focus of my thesis enables me to examine these patterns in 
terms of their similarity or difference to current interpretations of cultural changes and 
variations in palaeoclimatic conditions in south-east Cape York. Due to the site-specific 
nature of the evidence from Hay Cave, I do not intend to conclusively ‘test’ the regional 
models of David and Lourandos (1997) or Morwood and Hobbs (1995a). Yet, as I am 
attempting to understand both palaeoenvironmental trends and relative occupation intensities 
through time, it is possible to link these two aims in order to assess the extent to which the 
evidence from Hay Cave is indicative of an association between environmental and cultural 
change.
7CHAPTER 2: A REVIEW OF THE SOUTH-EAST CAPE YORK REGION 
Introduction
This chapter reviews the environmental and archaeological setting of south-east Cape York. 
The description of the current geomorphology, geology, climate and vegetation of south-east 
Cape York provides information regarding conditions existing in the area at the present time. 
In order to gain some insight into the past environmental context of the region I also present 
palaeoenvironmental reconstructions for south-east Cape York that are based on several 
sources of data. Finally, the information gleaned via archaeological investigations of the 
region is discussed in relation to trends in human activity.
Description of the south-east Cape York region 
Location
The terms ‘Cape York’ or ‘Cape York Peninsula’ refer to the area that forms the tip of 
Queensland, Australia, stretching north from latitude 17°30’ and covering some 234,000km2 
(David & Chant 1995:371). This large territory is geomorphologically diverse and 
incorporates a very wide range of environmental communities including open and closed 
forests, woodland, grassland, heath, boulder mountains, fresh water lakes, wetlands, swamps, 
and mangrove and estuarine communities (David & Chant 1995:371). Due to such variations 
within Cape York, it is divided into a number of smaller regions, of which south-east Cape 
York is one.
As Hay Cave is located in south-east Cape York (Figure 1), it is this area that provides the 
regional context for my study. In this thesis, south-east Cape York is geographically defined 
as the area between latitudes 14°00’S and 17°30’S and longitudes 143°00’E and 146°00’E 
(David & Chant 1995:37; David & Lourandos 1997:3).
gFigure 1: Map of the south-east Cape York area, showing the location of different 
archaeological sites including Hay Cave (Rowe et ai in press:Figure 1).
9Geology and Geomorphology
The Great Dividing Range runs approximately north-south through south-east Cape York (see 
Figure 1), dividing the area into eastern and western sectors. The Range is not a true 
mountain formation but is better described as “an aggregation of hills, tablelands, gorges and 
low-lying areas” (David & Chant 1995:372). A major constituent of this highland group in 
south-east Cape York is the Atherton Tablelands, an upland zone that forms a plateau between 
c.700-800m elevation and is partially separated from the eastern highlands by the Mulgrave 
River (Kershaw 1994:400). Moving eastwards towards the coast from the Range, elevations 
decrease until the low, narrow coastal plains that lie along the eastern seaboard are reached 
(David & Chant 1995:372). Situated east of the Great Dividing Range is the Laura Basin, a 
depression which extends north-west of Cooktown to Princess Charlotte Bay. A gradual 
reduction in elevation also occurs as one moves westwards away from the Great Dividing 
Range, culminating in the presence of low, flat inland plains. In this western zone, specialised 
geomorphological and biogeographical features exist in the form of the Mitchell-Palmer and 
Chillagoe limestone belts (David & Chant 1995:372). These large limestone karst systems 
are remarkable in appearance; and a further description of the Mitchell-Palmer belt is included 
within Chapter 3.
The geology of the area varies between different localities and is too complicated to discuss in 
depth in this thesis but is examined more thoroughly by Bultitude et al. (1997) and Holden 
(1999). On a general level, the geology of south-east Cape York consists predominantly of 
volcanics and metamorphics, with smaller deposits of sandstone and limestone also present 
(Figure 2).
10
Figure 2: Map showing major geological zones in south-east Cape York (David & Chant 
1995:373). Red: volcanics and metamorphics. Green: limestone. Blue:sandstone.
Climate
Climatic conditions also differ significantly throughout south-east Cape York depending on 
both season and location. Most precipitation occurs during the wet season (November-April) 
whereas only minimal amounts of rain falls during the other months of the year.
Temperatures similarly vary between seasons, with maximum wet season temperatures 
averaging 35°C in comparison to dry season maxima that are approximately 10°C lower 
(David & Chant 1995:372). Divergence in climatic conditions also occurs between different 
zones within south-east Cape York. The zone west of the Great Dividing Range is in a rain 
shadow and consequently receives only about 600mm of rain per year. In contrast, the coastal
11
plains and areas along the eastern side of the Range have annual precipitation levels of up to 
4000mm (Rowe 1998:22; Morgan et al. 1995:59).
Flora and Fauna of south-east Cape York
Not surprisingly, the variability apparent in the geomorphology and climate of south-east 
Cape York is echoed by the presence of a wide range of ecological zones within the region. 
Areas of limited drainage along the coastal plains are dominated by swamp vegetation 
composed largely of palm groves, Melaleuca thickets and sedgeland while protected estuaries 
and river mouths host large mangrove populations (Rowe 1998:23). The wet coastal lowlands 
also feature complex or simple mesophyll vine forests, vegetation types that are dependent on 
relatively high rainfall. Mesophyll vine growths are again common on the lower mountain 
slopes on the eastern side of the Great Dividing Range. They can be found at altitudes of up 
to 800m and typically contain a variety of species such as Cardwellia sublimis, Darlingia 
darlingiana and Dysoxylum sp. (Rowe 1998:23). At greater altitudes, there is a decrease in 
rainfall and thus the composition of rainforest communities changes, with the less water 
reliant notophyll and microphyll vine forests becoming progressively more dominant. Both 
notophyll and microphyll communities feature large quantities of Proteaceae plants as well as 
species such as Doryphera aromaticia (Rowe 1998:23)
Due to the rainshadow effect, the transition from rainforest to open sclerophyll vegetation 
occurs at c.600m elevation on the western side of the Range (Rowe 1998:23). Large 
quantities of Eucalyptus grandis (flooded gum) and Eucalyptus resinifera (red stringybark) 
are the major arboreal constituents of these open forests which stand 10-30m tall and have a 
canopy coverage of 10-30%. The understorey in these communities is quite pronounced, 
containing Casuarina and Allocasuarina sp. and an underlying ground cover of blady grass 
(Imperata cylindrica) and bracken fern (Pteridium sp.). Upon moving further west, open
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forest canopies become lower although the canopy coverage remains at 10-30%. In these 
western-most open forests, the understorey is less distinct and is composed predominately of 
large quantities of grasses and some stands of Melaleuca or Acacia trees (Rowe 1998:24). 
The only form of closed forest present in western south-east Cape York are the microphyll 
vine thickets that populate the Mitchell-Palmer and Chillagoe limestone towers.
The diverse range of vegetation types present in the region also supports a wide variety of 
animal species. These include numerous macropod species, namely: Macropus agilis; M. 
robustus; M. giganteus; M. antilopinus; M. parryi; Wallabia bicolor; Petrogale godmani; 
Lagorchestes conspiculatus; and Onychogalea unguífera (Winter 1981:46-47). Amongst the 
smaller mammals present in the area are possums, echidnas, rat-kangaroos and bats (Morgan 
et al. 1995:17; Winter 1981:47). Carnivorous mammals are represented by the dingo (Canis 
familiaris) and the northern quoll (Dasyurus hallacatus). A fairly significant rodent 
population also exists in south-east Cape York and includes the large tree rats Mesembrioys 
gonidii and Uromys caudimaculatus and the small mouse Leggadina lakedownensis (Morgan 
et al. 1995:17; Winter 1981:47).
The range of reptiles recorded in south-east Cape York includes crocodiles, geckoes, snakes 
and lizards as well as amphibians in the form of a variety of frogs (Macrokanis 1996). 
Amongst the species of snakes present in the area are the black whip snake (Demansia atra), 
the keel back snake (Tropidonsphis marii), the curl snake (Suta suta), the black striped snake 
(Rhinoplocephalus nigrostriatus), the northern green-tree snake (Dendraphalus calligastra), 
the king brown snake (Pseudechis australis) and the children’s python (Liasis maculosus)
(Macrokanis 1996:24-27).
13
The area is also host to a range of bird species, including those of economic importance such 
as emus and scrub turkeys (Morgan et al. 1995:17). The coastal zone contains a very wide 
variety of marine organisms, whilst freshwater mussels and freshwater fish such as catfish are 
found in inland zones close to non-saline bodies of water (Morgan et al. 1995:17). The above 
lists are by no means exclusive, but rather provide a general indication of the types of animals 
that could be expected in the Hay Cave faunal assemblage.
The palaeoenvironment of the region
In order to examine patterns of human behaviour it is essential to establish the environmental 
context within which human activity took place. As yet, only very limited 
palaeoenvironmental studies have been conducted on the Hay Cave site, and therefore it is 
necessary to consider and examine the climatic reconstructions formulated for other 
neighbouring locations. Due to the specifically regional focus of this thesis, I have 
concentrated on the evidence regarding past environmental changes in south-east Cape York 
and make only passing references to broader Australian climatic patterns.
Reconstructions of palaeoenvironmental conditions can be based on data gathered using a 
range of methods. In south-east Cape York, the examination of pollen cores is the most 
frequently used technique to evaluate past climatic and vegetation regimes. Pollen samples 
analysed in detail include numerous cores taken from the Atherton Tablelands (Hiscock & 
Kershaw 1992; Kershaw 1981a; Kershaw 1981b; Kershaw 1985; Kershaw 1994; Kershaw 
1995; Kershaw & Gell 1990). The Atherton Tablelands are located on the eastern side of the 
Great Dividing Range approximately 200km south-east of Hay Cave, and thus this area is 
more sensitive to environmental fluctuations (Butler 1998:82; David & Chant 1995:374; 
Kershaw 1981a:91). For this reason, it cannot simply be assumed that the
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palaeoenvironmental patterns indicated by the Tablelands data precisely correlate with those 
of Hay Cave.
Palynological studies have also been conducted at Lake Carpentaria, Lake Koongirra (near 
Ngarrabullgan) and a variety of locations within the Laura area (Butler 1998; Stephens & 
Head 1995; Torgersen et al. 1988). These sites are situated approximately 500km west, 75km 
south-east and 100km north-east of Hay Cave respectively (Holden 1999:28; Rowe 1998:26). 
The ODP820 eastern continental shelf pollen core has similarly provided valuable data 
regarding alterations in vegetation patterns in the regions around Caims (Kershaw et al.
1993). Other sources of palaeoenvironmental data for south-east Cape York include the 
examination of changes in lake and sea levels, the presence of Eucalyptus charcoal in 
rainforest sediments and Nix and Raima’s (1971) climatic simulation model (Bowler 1983; 
Hopkins et al. 1993; Hopley 1983).
By synthesising information gleaned from this broad range of studies, it is possible to 
reconstruct a palaeoenvironmental sequence for south-east Cape York. The use of such a 
wide range of data is necessary as models based on single-site analyses may not adequately 
portray the range of conditions present throughout the area (Stephens & Head 1995:29). The 
logic behind this argument is demonstrated by the fact that disparities in the timing and degree 
of climatic changes are visible between different zones of south-east Cape York. Yet, on a 
coarse scale, there is a consistent, generally applicable patterning of ecological and climatic 
trends for the time covered by the Hay Cave deposit. These temporal trends can be divided 
into five distinct palaeoenvironmental periods (as per David & Chant 1995:375):
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38,000-25,OOOBP (The pre-glacial late Pleistocene)
Between c.38,000-25,OOOBP conditions were somewhat cooler, and effective precipitation 
levels were slightly reduced from those of 40,000-38,OOOBP and were significantly lower than 
current rainfall rates, perhaps falling to as little as 1000mm per annum (Hiscock & Kershaw 
1992:49; Kershaw 1981a:90; Kershaw 1981b:37; Kershaw 1985:180; Kershaw 1986:48). The 
minor increase in aridity in this period is made evident by both the contraction o f northern 
Australian lake levels and the slow rates of sedimentation recorded within the lakes o f south­
east Cape York (Bowler 1983:5; Kershaw 1981b:37). In contrast, south-eastern Australia was 
undergoing a phase o f lake expansion which probably resulted from increased precipitation 
between c.40,000-30,OOOBP (Bowler 1983). It is thus apparent that environmental patterns 
were not uniform across the whole of Australia but rather exhibited significant regional 
differences (Kershaw 1985:187).
In south-east Cape York these climatic changes were also manifested in alterations to 
vegetation patterns. On the Atherton Tablelands, the variation in floral composition was quite 
pronounced and resulted in the previously dominant araucarian rainforest being partially 
displaced by fire-loving open sclerophyll and savannah communities (Hiscock & Kershaw 
1992:47; Kershaw 1985:181; Kershaw 1994:403-404). In the same period, open forest and 
woodland species also became apparent in large concentrations in parts o f the Laura region 
(Stephens & Head 1995:30). Similarly, at Lake Carpentaria, reductions in the level of water 
availability were reflected in the gradual change from swamp-dwelling plant taxa to 
savannah-like communities, a vegetation type which then dominated Lake Carpentaria from 
this period until its submergence C.8000-7000BP (Torgersen et al. 1988:254).
The reduction in rainfall levels in the pre-glacial late Pleistocene was probably not the sole 
factor responsible for the decline in Tablelands rainforest communities, particularly in the
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case of those rainforest taxa adapted to drier conditions. Instead, it has been suggested that 
the use of fire by humans was also important in instigating an upsurge in proportions of 
sclerophyll plants including members of the Eucalyptus family (Hiscock & Kershaw 1992:47, 
49; Kershaw 1986:484; Kershaw 1985:184, 186; Kershaw 1994:409; Kershaw 1995:656; 
Kershaw & Gell 1990:14). The occurrence of this vegetation change and its link to 
heightened fire activity is indicated by the fact that large quantities of Eucalyptus charcoal 
dated to c.27,000BP are present in the soil profiles of some current north Queensland 
rainforests (Hopkins et al. 1993:368). However, the evidence of a lake level reduction at 
Lake Carpentaria suggests that climatic variation also played at least a minor role in 
instigating floral alterations between 38,000-25,000BP (Hiscock & Kershaw 1992:49).
25,000-17,000BP (The glacial maximum)
The glacial maximum period was one in which conditions were cooler and drier than those of 
the pre-glacial late Pleistocene (David & Chant 1995:375; Hiscock & Kershaw 1992:49; 
Kershaw 1981a:90; Nix & Kalma 1971:82). This climatic change was probably a 
manifestation of the reduction in absolute precipitation and an increase in evaporation that 
resulted from low oceanic temperatures, cooler sea currents and the exposure of the 
continental shelf (Nix & Kalma 1971:82, 85). The proposed decrease in the availability of 
water is supported by palynological evidence demonstrating the further retraction of rainforest 
communities and an increase in the proportions of dry-adapted sclerophyll woodland and 
savannah grassland taxa (Butler 1998:5; Kershaw 1986:48; Stephens & Head 1995:19). 
Importantly, Krueger (1997:29) highlights the fact that this vegetation sequence does not 
represent a major divergence from that of the preceding period, but rather is an acceleration of 
trends already unfolding between 38,000-22,000BP.
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Environmental changes during the glacial maximum had a far more marked impact on 
vegetation patterns in southern and central Australia (Kershaw 1995:661). Non-floral 
evidence in the form of an expansion in dune activity in central Australia also provides 
support for the suggestion of a significant increase in aridity in this area during the glacial 
maximum (Kershaw 1995:664). However, in the same period, lake levels in southern 
Australia were comparable to those of today (Kershaw 1995:664). There is consequently 
some ambiguity within the general evidence. Thus, Kershaw (1995:672) concludes that “in 
southern Australia, it is possible that, from proxy data, there has been some over-estimation of 
the degree of aridity during the height of the last glacial maximum period.” Even so, the 
evidence of floral change implies that glacial maximum conditions were harsher in southern 
Australia than in south-east Cape York (Krueger 1997:31).
17,000-10,000BP (The terminal Pleistocene)
During the early stages of the terminal Pleistocene the climate remained much the same as 
that of the glacial maximum, with relatively high summer temperatures and comparatively 
low winter temperatures in conjunction with lower rates of precipitation (Nix & Kalma 
1971:82). By approximately 13,000BP, rainfall levels were beginning to increase at Lake 
Carpentaria and around 12,000-11,000BP, rising sea levels began to submerge the then 
coastal areas (McCulloch et al. 1989:1708; Torgersen et al. 1988:259). In contrast, 
sedimentological and palynological evidence from the Atherton Tablelands indicates that this 
region witnessed a peak in aridity from c. 15,000-10,000BP, and it was not until after this time 
that conditions became wetter (Hiscock & Kershaw 1992:54; Kershaw 1981:91; Stephens & 
Head 1995:19). Furthermore, along much of the coastal band between Townsville and 
Cooktown, open Eucalyptus forests did not reach their maximum extent until 13,000-8000BP. 
It is possible that this latter evidence reflects a ‘time lag’ between the initiation of climatic 
amelioration and its impact on vegetation patterns, or alternatively, it may be related to the
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role of fire in preventing wet forests from undergoing a resurgence (Hopkins et al. 1993:368; 
Kershaw 1995:656). However, given the sedimentological evidence from the Atherton 
Tablelands, it seems that the peak in coastal concentrations of open eucalypt forest up until 
C.8000BP were at least partially related to the occurrence of drier conditions in this area 
between c. 17,000 and 13,000BP (Rowe et al. in press: 14). The disparity between conditions 
experienced at Lake Carpentaria c. 13,000BP and the apparently high levels of aridity on the 
Atherton Tablelands at this time may be related to the fact that the monsoon system operating 
in Lake Carpentaria either did not extend far enough south to affect the Tablelands and coastal 
sites or “its effects were nullified by rising temperatures” (Hiscock & Kershaw 1992:49).
Evidence from the rest of Australia is somewhat different during this period, with some 
palaeoenvironmental indices implying the occurrence of climatic amelioration, while others 
suggest heightened aridity (Kershaw 1995:665-666). Unfortunately, this problem has not yet 
been conclusively resolved. Thus, between 17,000-10,000BP the exact nature of 
environmental conditions throughout much of Australia remains unclear and yet, in south-east 
Cape York, this period appears to have been one of significant aridity, with climatic 
amelioration only occurring after c. 13,OOOBP (Rowe et al. in press: 14).
10,000-3500BP (The early-mid Holocene)
Although the exact timing of climatic amelioration in south-east Cape York is disputed, 
sedimentological and palynological studies of early-mid Holocene records from the Atherton 
Tablelands demonstrate that by 8500BP actual and effective rainfall had increased to the 
extent that annual precipitation rates may have been almost 1000mm above current levels 
(Kershaw 1985:180). Peak precipitation occurred in most areas between 6000-3600BP and 
perhaps exceeded modem annual rainfalls by 2000-2400mm per year (Butler 1998:84; 
Kershaw 1995:668; Kershaw & Nix 1988:600; McGlone et al. 1992:446). By c.8000-
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7000BP heightened sea levels resulted in the complete submergence of the area surrounding 
Lake Carpentaria and thus the Gulf of Carpentaria was formed (Torgersen et al. 1988:254). 
Reef growth patterns and the formation of micro-atolls indicate that sea levels rose to their 
current point C.6000BP before rising one metre higher by C.5800BP (Hiscock & Kershaw 
1992:62; Hopley 1983:95). Between 5,000-3,600BP gradual increases in temperature also 
reached their zenith, making this period considerably warmer than the modem era (Kershaw 
1981:92; Kershaw 1995:668; Kershaw & Nix 1988:600; McGlone et al. 1992:446).
It seems that numerous factors were linked to the occurrence of these climatic changes. 
Warmer ocean currents passing through Torres Strait, higher sea and air temperatures, 
heightened sea levels and the exposure of the coastline to high energy storms all contributed 
to the generation of warmer and wetter environmental conditions (David & Chant 1995:373).
By 10,000-9000BP, increases in temperature and rainfall had resulted in a resurgence of 
rainforest angiosperms and other closed forest species at sites on the Atherton Tablelands 
(Kershaw 1986:48; Kershaw 1995:668; McGlone et al. 1992:444). The continuing climatic 
amelioration furthered this process such that, on the Atherton Tablelands, rainforest taxa had 
again asserted their dominance over sclerophyll communities by 7000-6000BP (Hiscock & 
Kershaw 1992:57; Kershaw 1995:668; Kershaw & Nix 1988:598; Stephens & Head 1995:19). 
However, rainforest communities did not entirely re-colonise all areas in which they had been 
present before 22,000BP. This could be because of the use of fire by Aboriginal people, or it 
could simply reflect the amount of time required by rainforest communities to expand from 
their refuges (Hiscock & Kershaw 1992:54; Holden 1999:32). The effects of heightened 
precipitation are also detectable in the Laura region, where the Isabella and Garden Creek 
swamps were formed c.9000 and 5000BP respectively (Stephens & Head 1995:30). 
Interestingly, although the evidence from Lake Koongirra suggests that forest and woodland
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communities were more ‘closed’ during this period, rainforest taxa were present only in very 
small proportions and were dominated by eucalypts and grasses (Butler 1998:88).
3500BP-present (The late Holocene)
Climatic conditions again changed between C.3500BP and the present. It was during this time 
that current environmental regimes were established, perhaps due to the effects of the El 
Nino/Southem Oscillation system (McGlone et al. 1992:456). In northern Australia, the 
analysis of dimes and chenier ridges indicates that wet season rainfall underwent a significant 
reduction between 2700-1800BP (Hiscock & Kershaw 1992:63). The suggestion of a 
decrease in precipitation in the late Holocene is also supported by the fact that, at Lake 
Koongirra and many of the Atherton Tableland sites, there is a distinct rise in the proportions 
of open forest/woodland sclerophyll taxa C.3000-2000BP, whilst this period also witnessed a 
retreat of rainforest communities on the Tablelands (Butler 1998:88; David & Chant 
1995:373; Hiscock Sc Kershaw 1992:61, 63; Hopley 1983:87, 90; Kershaw 1981a:92; 
McGlone et al. 1992:446). Although these vegetation changes may have been influenced by 
an increase in anthropogenic burning, the fact that concurrent variations occurred within 
Atherton Tablelands swamp formations demonstrates that a reduction in rainfall must have 
played at least a minor role in establishing the floral patterns of this period (Butler 1998:9; 
Kershaw 1981a:91; Hiscock & Kershaw 1992:57).
In contrast, late Holocene evidence from Lake Koongirra and the Laura area sites of Glen 
Garland and King’s Plain indicates that, around 2700BP, water levels in these localities were 
sufficient to support swamp formations (Stephens & Head 1995:30; Butler 1998:10). 
Importantly, swamp communities in these areas are heavily reliant on dry season rainfalls and 
thus it may be that this evidence is representative of a relative increase in dry season rainfalls 
whereas precipitation levels in the wet season were comparatively low (Stephens & Head
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1995:30). This suggestion is supported by evidence from Lake Euramoo (Atherton 
Tablelands), which indicates a slight increase in dry season precipitation between c.3600- 
2600BP (Kershaw & Nix 1988:600). Thus, despite a possible rise in dry season rainfall, the 
bulk of the evidence from south-east Cape York indicates a reduction in annual effective 
precipitation after C.3000BP.
At this juncture, I think that it is essential to mention that although pollen cores from Lake 
Carpentaria and Lake Koongirra do not provide records of the entire Pleistocene to Holocene 
transition, the limited degree of vegetation change identified at both of these sites implies that 
climatic conditions in these areas may have been different from those identified on the 
Atherton Tablelands.
Archaeological research in south-east Cape York
Just as information regarding past environmental conditions is essential to my analysis of Hay 
Cave, so is an understanding of the pre-European human history of the broader region. 
Archaeological investigations in south-east Cape York have been conducted on a wide scale, 
producing large quantities of data with which to examine trends in past human activity. The 
majority of these excavations have been undertaken in rockshelters and have targeted sites 
believed to contain deep and/or old sequences (David & Chant 1995:380,423). As will be 
discussed below, this strategy has not resulted in a neglect of more recent sites. Rather, it 
provides a means with which to examine chronological changes in regional patterns of site 
use using three different methods: rates of artefact deposition; numbers of occupied sites; and 
numbers of newly established sites. Individually, each of these methods is subject to some 
criticism and yet, when discussed collectively they constitute a bulk of evidence that is
difficult to refute.
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The excavation of the large number of sites illustrated in Figure 1 has provided the substantial 
regional data base upon which current understandings of south-east Cape York’s human past 
are based. Although it has not been dated at its lowest cultural level, Ngarrabullgan Cave 
appears to be the oldest site in the region and was first utilised by people about 35,500BP 
(David pers. comm. 1999). Evidence of human inhabitation is also present c.31,900BP at 
Sandy Creek in the Laura locality, whilst Fern Cave (Chillagoe-Mungana) was initially 
occupied c.30,000BP (David pers. comm. 1999; Morwood, Hobbs & Price 1995:757). 
Following this early period of human entry into south-east Cape York, only a small number of 
sites were occupied. Between 25,000-17,000BP occupation levels remained low and no new 
sites were established (David & Lourandos 1997:8). The timing of this phase of minimal 
human presence coincides with the occurrence of the relatively colder and drier glacial 
maximum, and therefore it is suggested that human behaviour in this period reflects the 
impact of these comparatively harsher climatic conditions (David & Lourandos 1997:13).
Between 17,000-10,000BP south-east Cape York witnessed a significant rise in the number of 
sites established and occupied, with the Laura region for example, containing the new sites of 
Magnificent Gallery and Early Man whilst comparatively more intensive occupation was 
initiated at Sandy Creek 1 and 2 (Morwood & Hobbs 1995b: 179). The transition towards 
increased human activity continued at a heightened rate throughout the early-mid Holocene 
(10,000-4,000BP) when a total of six new sites were utilised (David & Lourandos 1997:8; 
Morwood 1990:3; Morwood & Hobbs 1995a:758). Interestingly, the initial increase in human 
activity 17,000-13,000BP occurs during a period of heightened aridity in south-east Cape 
York and therefore it seems that factors other than environmental change may have been 
influencing human behaviour in this period (Rowe et al. in press: 14). However, in more 
general terms, the transition towards heightened human use of south-east Cape York during 
the terminal Pleistocene and early-mid Holocene correlates with fact that climatic
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amelioration began in south-east Cape York between 13,000-11,000BP and reached its zenith 
in the early-mid Holocene, when both annual rainfall and mean annual temperatures attained 
their highest levels (David & Lourandos 1997:13). It is consequently apparent that 
environmental conditions again had a major impact on human activity in this period.
However, after C.4000-3500BP climatic trends and patterns of human behaviour in south-east 
Cape York diverged. As already stated, this period is one in which rates of precipitation 
underwent an apparent decrease and yet, at the same time, there is a distinct acceleration in 
the human use of the landscape (David & Lourandos 1997:8). Eight new sites including 
Endaen rocksheiter, Alkaline Hill, South Mound and Waleamini rocksheiter were established 
or reoccupied during this period (David & Lourandos 1997:20-23; Morwood & Hobbs 
1995a:756). Furthermore, the large increase in rates of deposition of cultural materials in the 
majority of occupied rockshelters indicates that the intensity with which these sites were used 
was significantly elevated during the late Holocene (David 1990b:90; David & Chant 
1995:423; David & Lourandos 1997:10; Morwood 1990:21; Morwood & Hobbs 1995b:182; 
Morwood & Jung 1995:97-99; Morwood, L’Oste-Brown & Price 1995:141; Rosenfeld et al. 
1981:12-13). Should any further evidence be required, the late Holocene appearance of 
regionalised rock art, new stone technologies and highly developed plant processing 
industries provides significant support for the argument that new patterns of human activity 
appeared in this period (David & Chant 1995:357, 433; David & Lourandos 1997:10; 
Morwood 1990:3, 6).
Importantly, the above evidence from south-east Cape York largely concurs with Australia­
wide trends regarding the correlation between changing environmental conditions and 
archaeological patterns in the Pleistocene and early-mid Holocene (see Hiscock & Kershaw 
1992:52; Cosgrove et al. 1990). In addition, an increase in the numbers of sites occupied
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during the late Holocene is a common factor in numerous regions on the Australian mainland. 
These include the arid and semi-arid inland zones, Moreton Bay and south-east Queensland, 
and the south coast and eastern highlands of New South Wales and south-western Victoria 
(Flood et al. 1987; Hall & Hiscock 1988; Hughes & Lampert 1982; Lourandos 1983; Smith 
1986; Veth 1989). Furthermore, the emergence in the late Holocene of new plant processing 
and stone technologies in south-east Cape York is echoed by evidence from the arid and semi- 
arid zones, north Queensland highlands, south-east Queensland, the Upper Flinders region of 
Queensland, the central Queensland highlands and south-western Victoria (David & Chant 
1995:426; Hall & Hiscock 1988; Lourandos 1983:86; Morwood 1990:21,22&35; Smith 1986; 
Veth 1989). Increased human activity in south-east Cape York during the late Holocene was 
therefore not purely a regional phenomenon but is evident across much of Australia. 
Consequently, the causes of this change are the topic of much debate, with arguments 
generally focussing on two major factors: the impact of environmental variation and the 
influence of socio-cultural change (see Beaton 1983; Hughes & Lampert 1982; Lourandos 
1983; Morwood 1990).
In regard to south-east Cape York, it has been argued that, from earliest occupation to 
4000BP, there is a rather close link between climatic variations and alterations in human use 
of the area (David & Lourandos 1997; Morwood & Hobbs 1995a). The socio-cultural versus 
environmental debate emerges more soundly in relation to the late Holocene, a period in 
which the intensification of human activity after C.4000-3000BP contrasts with the apparent 
decrease in annual effective precipitation. Morwood and Hobbs (1995a:766) argue that this 
divergence of cultural and environmental patterns did not occur in south-east Cape York and 
maintain that the late Holocene pattern simply represents a continuation of the population 
growth resulting from the effects of climatic improvement throughout the Holocene. While 
this hypothesis recognises that the regionalisation of rock art in the late Holocene may
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provide evidence for “the development of social mechanisms, including more complex 
alliance networks and systems of economic reciprocity”, the appearance of these factors is 
viewed as an effect rather than a cause of heightened human activity (Morwood & Hobbs 
1995a:750). Morwood and Hobbs’s (1995b:179) theory rests on the assumption that 
environmental conditions did not change in the late Holocene, a proposal which is refuted by 
the bulk of the palaeoenvironmental evidence outlined earlier in this chapter. However, given 
the apparent degree of variation in modem climatic conditions throughout south-east Cape 
York, I argue that it cannot simply be assumed that all zones within this region experienced a 
downturn in precipitation C.3000BP, and thus it is necessary to assess late Holocene 
palaeoenvironmental data on an area-specific or even site-specific basis.
In contrast to Morwood and Hobbs (1995a), David and Lourandos (1997) relate late Holocene 
archaeological changes in south-east Cape York to the evolution of more dynamic socio­
demographic mechanisms in the form of increasingly formalised and less fluid social systems. 
It is argued that this cultural strategy would have increased Aboriginal society’s capacity for 
adaptability, therefore allowing the continual increase in human activity within the region 
despite the occurrence of less favourable environmental conditions (David & Lourandos 
1997:16). Although social change is rarely easy to demonstrate in the archaeological record, 
the relationship in Aboriginal society between rock art and religious and group identity 
dictates that a regionalisation of rock art in the late Holocene is conceivably related to socio­
demographic change (David & Lourandos 1997:10; Morwood & Hobbs 1995a:750). Thus, 
David and Lourandos (1997) recognise the relevance of climatic and vegetation regimes and 
yet it is social organisation that is seen as the primary factor responsible for the late Holocene 
patterns of human activity in the south-east Cape York region.
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Conclusion
The above discussion of the past and present setting of south-east Cape York provides 
significant insight into the regional context of this thesis. The presentation of details 
regarding the modem biophysical setting of south-east Cape York establishes a reference 
point with which to relate archaeological events, while reconstructions of 
palaeoenvironmental conditions expand our understanding of the climatic and ecological 
context in which past human activity took place. In this respect, it is essential to reiterate that 
the prevailing palaeoenvironmental patterns in south-east Cape York do not entirely concur 
with those recorded for the rest of Australia, particularly in relation to the degree of climatic 
change during the glacial maximum period. Furthermore, the evidence from Lake Koongirra 
and Lake Carpentaria suggests that climatic models based on evidence from the Atherton 
Tablelands may not be entirely representative of conditions experienced throughout the whole 
of south-east Cape York. However, the combined evidence from a range of sites in the area 
provides a relatively coarse-grained view of climatic variations, establishing five distinct 
environmental periods during the time of Hay Cave’s deposition.
The relevance of this palaeoenvironmental reconstruction is demonstrated by the fact that 
from c.35,500-4000BP changes in patterns of human site use appear to generally correspond 
to alterations in environmental conditions. In contrast, the increased human use of the region 
in the late Holocene appears to deviate from environmental trends. This late Holocene 
intensification also occurred in a range of areas throughout mainland Australia and is the 
source of much debate regarding its relationship to socio-cultural or environmental factors. In 
the course of the following chapter I will demonstrate that the analyses previously conducted 
at Hay Cave suggest that the cultural trends at this site generally adhere to the aforementioned 
regional norm. In contrast, environmental indices imply that Hay Cave may have experienced 
a slightly different palaeoclimatic regime to that described in this chapter.
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CHAPTER 3: A REVIEW OF THE HAY CAVE SITE 
Introduction
In this chapter I describe Hay Cave in the context of the broader Mitchell-Palmer locality and 
provide specific information about the site and its excavation. I also discuss the prior 
archaeological studies of the site undertaken by Holden (1999), Rowe (1998) and Terlich 
(1998). This information grants preliminary insight into patterns of human activity and 
palaeoenvironmental conditions at Hay Cave and therefore provides background evidence 
essential to satisfying the aims of my thesis.
Geomorphology and geology of the Mitchell-Palmer locality
Hay Cave is part of Kuku Yalanji Aboriginal country and is situated within the Mitchell- 
Palmer limestone belt, to the west of the Great Dividing Range, some 180 km north-west of 
Cairns (David 1996:1). The Mitchell-Palmer formation consists of a series of limestone 
towers, or bluffs (see Figure 3), that lie on a north-south axis between the Mitchell and Palmer 
rivers (see Figure 1), covering an area approximately five kilometres wide and 60km long 
(David & Lourandos 1996:2; Rowe 1998:34). Each individual tower varies in size, with some 
measuring over one kilometre long, 500m wide and 100m tall (David 1996:1). These bluffs 
are the northern-most extension of the Chillagoe Formation and are composed of limestone 
which dates from the early Silurian to late Devonian period, some 430-390 million years ago 
(David 1996:1).
The close proximity of the Mitchell-Palmer formation to the Palmerville Fault line is reflected 
by the relatively large quantities of gneiss, schist, quartz and quartzite that are found in both 
of these localities (Holden 1999:9). Yellow and red ochres, conglomeri tic sandstone, 
mudstones, ironstone, chert, jasper and chalcedony are also found in the vicinity of the
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Mitchell-Palmer bluffs, thus demonstrating the presence of a wide range of stone resources in 
the area surrounding Hay Cave (Holden 1999:9,11).
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Figure 3: Karst tower within the Mitchell-Palmer system (David & Chant 1995:372) 
Climate of the Mitchell-Palmer locality
The Mitchell-Palmer area is situated in a sub-humid tropical zone and so remains relatively 
hot throughout the entire year, featuring mean daily temperatures that range from 
approximately 36°C in summer to over 29°C in mid-winter (Chillagoe Caving Club 1988:5). 
As it is situated on the western side of the Great Dividing Range, the Mitchell-Palmer locality 
is in a rainshadow zone and therefore receives a smaller amount of rainfall than those sites on 
the eastern side of the Range, where annual precipitation can be as high as 4000mm (Rowe 
1998:22). In contrast, the Mitchell-Palmer area has an annual rainfall of approximately 
1040mm of which only six per cent occurs during the dry season (May-October). During the 
wet season (November-April), peak precipitation takes place in February (Chillagoe Caving 
Club 1988:5; David 1996:2). At the time of Hay Cave’s excavation, day-time temperatures 
were noticeably lower and humidity levels comparatively higher than those experienced 
outside the site (David 1996:2).
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Flora and Fauna of the Mitchell-Palmer area
The description of the vegetation patterns of western south-east Cape York in the previous 
chapter aptly characterises the floral environments of the Mitchell-Palmer area. The plains 
surrounding the karst towers are dominated by dry sclerophyll woodland and savannah 
grassland formed predominantly of eucalypt species (David 1996:1). The bluffs themselves 
are host to semi-deciduous and deciduous microphyll vine thickets comprised of drier adapted 
rainforest taxa. The survival of these vine thickets is largely reliant on the additional moisture 
contained within the limestone bluffs and thus the distribution of wet forest flora is largely 
limited to small pockets within the limestone towers (Stanisic 1990 cited in Rowe 1998:17).
The Mitchell-Palmer region is also host to a range of fauna similar to the wide variety of 
animals inhabiting the rest of south-east Cape York (see Chapter 2). A survey of the animal 
population living specifically in the Mitchell-Palmer region was undertaken in conjunction 
with the 1996 excavation (Hall et al. 1996:21). Of the invertebrate phylum, numerous species 
of landsnail were identified, as was a new species of freshwater crab that inhabits creeks 
within the karst system. These creeks and water holes are also host to seven species of 
amphibians (Hall et al. 1996:21). Reptiles are common in the area and include a large range 
of snakes as well as a variety of diurnal lizard species (Hall et al. 1996:21; Macrokanis 
1996:24-27). Avian taxa are also numerous, with over 120 bird species sighted, while ten 
species of bats, including Macroderma gigas (ghost bat) were found within the caves of the 
karst towers. Macropods are represented in the area by eight species, of which the most 
common are Petrogale inornata, Macropus agilis, M. robustus and M. giganteus (Hall et al. 
1996:21). The 1996 zoological survey thus resulted in the creation of a detailed faunal list for 
the Mitchell-Palmer region, which in turn, provides an indication of the range of species 
potentially present in the Hay Cave deposit.
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Description of Hay Cave
Hay Cave is part of Wilson’s Tower, one of the northern-most bluffs of the Mitchell-Palmer 
formation. It is in close proximity to Limestone Creek, a small tributary of the Palmer River 
that has probably been a permanent part of the local environment for the duration of Hay 
Cave’s archaeological sequence (Holden 1999:11; Lourandos pers. comm. 1999). The 
vegetation pattern in the vicinity of Hay Cave is essentially the same as that found throughout 
much of the Mitchell-Palmer region, with semi-deciduous and deciduous vine thickets present 
on the karst tower and dry sclerophyll woodland communities and savannah grassland 
populating the plains (David 1996:1).
Hay Cave itself is a medium-sized rocksheiter that is concealed by vine thickets and is entered 
via a scree slope located approximately five metres above the base of Wilson’s Tower 
(Chillagoe Caving Club 1988:103). As shown in Figures 4 and 5, it has a relatively flat floor 
that extends for some 17m before reaching the back wall of the rocksheiter (David & 
Lourandos 1996:4). The roof height varies between one and a half and four metres and 
although Hay Cave is of medium size, the available space within the site is limited by the 
vertical and horizontal protrusions of the rock walls (Lourandos pers. comm. 1999).
Although minor roof-falls have occurred around the cave dripline, the central area has 
remained largely clear of limestone debris (David 1996:2).
Paintings and rock engravings surround the entrance to Hay Cave and are present on the walls 
through to the back of the rocksheiter (David 1996:2; David & Lourandos 1996:4). These 
obvious signs of human activity were significant factors in the decision to excavate the site, as 
was the presence of soft ashy deposits in the central area of the cave floor. Further evidence 
of human activity was provided by the discovery on the cave floor of a stone core, a water- 
worn stone flake and an intentionally flaked boulder (David & Lourandos 1996:4).
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Figure 4: Cross-section of Hay Cave demonstrating location of GUM30 (Holden 
1999:13)
Figure 5: Plan view of Hay Cave depicting the location of GUM30 (Holden 1999:13)
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The excavation process
The excavation of Hay Cave was undertaken by Dr. Bruno David, Dr. Harry Lourandos and 
Mr Chris Clarkson, and involved the assistance of archaeology students from the University 
of Queensland. Volunteers from the Earthwatch program and a team of scientists including 
zoologists, a geologist and a botanist also joined the project. The excavation was conducted 
between June 17 and July 27,1996 and had a three aims: the investigation of past human uses 
of the site; the identification and characterisation of variations in socio-cultural trends at Hay 
Cave; and the identification of the range of resource bases used by its occupants (David 
1996:1).
The excavation consisted of four juxtaposed 50cm by 50cm pits located in the ashy deposit at 
the centre of the cave (Figure 5). These four Grid Units (GUs) were each assigned an alpha­
numeric co-ordinate and were treated as separate entities. GUs M31, N30 and N31 were 
excavated to approximately 50cm below ground level whereas GUM30 reached a depth of 
133cm below the surface of the cave floor. GUM30 was the major excavation square and is 
the source of the faunal material analysed during the course of this thesis. The excavation 
proceeded according to a modified form of the Johnson method, with each arbitrary 
Excavation Unit (XU) consisting of approximately five litres of sediment while also following 
the stratigraphy. Alterations in the degree of compaction of the soil matrix dictated that the 
thickness of each XU was variable, although the degree of difference is fairly low, with only 
3.2cm separating the thickest and thinnest XUs.
All cultural materials uncovered in situ and measuring greater than two centimetres in 
maximum dimension were recorded in three dimensions and individually bagged. The 
remaining sediments were weighed before being passed through three millimetre gauge sieves 
and placed in plastic bags. The pH of the soil was tested and sediment samples were also
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taken for further analyses (David & Lourandos 1996:3). In the course of subsequent 
laboratory work at the University of Queensland, the excavated materials were wet-sieved and 
air dried after which they were sorted into categories such as charcoal, landsnail shell, bone, 
eggshell, mussel shell, burnt earth and stone.
Stratigraphy
Stratigraphic Units (SUs) were determined on the basis of obvious changes in the colour, 
texture and observable contents of the matrix. Minor alterations in these attributes were used 
to further divide the stratigraphy of the site into sub-SUs. SUs were numbered sequentially 
from the modem ground surface to the bottom of the excavation, while sub-SUs were 
indicated by the ordered addition of an alphabetic letter to the SU number (David 1997:1). A 
very detailed description of the stratigraphy of Hay Cave was presented by David (1997) and 
is attached as Appendix A. The resultant stratigraphic profile is pictured in Figure 6 and the 
main stratigraphic units are described as follows:
SU I (XU1-34-) This SU accounts for almost half of the excavation, reaching a depth of 64cm. 
It is characterised by dry, ashy sediments and contains at least two distinct hearths. The dry 
Munsell colour of XUs within this SU ranges from 10YR5/3-2.5YR8/0 (brown-white) but by 
far the most common sedimentary colour is light brownish-grey (10YR6/2). With the 
exception of the pH reading of 9 for SUI A, the pH of all sub-SUs in this unit is 8.5.
SUII (XU 35-57) This SU extends from 64-120cm in depth and contains sediments that are 
comparatively more compact, moist and clayey than those in SUI. Dry soil colour varies from 
10YR3/4-4/6, all of which are shades of dark yellowish-brown. The boundary between SUI 
and SUII is very clear and coincides with the appearance of numerous calcium carbonate 
concretions within the soil matrix. All sub-SUs within SUII have a pH of 8.5.
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SUIII (XU 58-63) SUIII is by far the smallest of the stratigraphic units at Hay Cave, covering 
a depth of only 13cm. It is composed of heavily compacted and clayey sediments that contain 
numerous manganese nodules measuring under one centimetre in diameter. The Munsell 
colour of the dry matrix ranges between 7.5YR5/6 and 10YR4/6 (strong brown to dark 
yellowish brown). pH measurements remained at 8.5 throughout SUIII.
Figure 6: Stratigraphic profile of Hay Cave (David 1997)
Radiocarbon dates from Hay Cave
Eleven radiocarbon dates have been obtained from charcoal and shell collected in-situ from 
GUM30 (Table I). Each of these samples was treated for possible rootlet and carbonate 
contamination before being dated at ANSTO (Physics Division, Lucas Heights Research 
Laboratories, Australia) using accelerator mass spectrometry (Rowe et al. in press:22).
The date of 3100BP±60 for the base of SUI and the prior sequence of dates from this SU 
demonstrate that it was formed during the late Holocene. In a similar manner, the dates of 
29,700BP± 1,050 from XU60 and 23,300BP±320 from the interface of SUII/SUIII bracket
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Table I: Radiocarbon dates from Hay Cave (adapted from Holden 1999:17)
Sample material and 
laboratory code
SU XU Depth (cm) Date (BP)
Charcoal OZD-006 1 6 8.1 660+75
Charcoal OZD-007 1 12 17.1 870+65
Charcoal OZD-008 1 26 45.7 2590+80
Charcoal OZD-009 1 34 63.5 3100+60
Charcoal * 2 41 79.1 11,900+210
Charcoal OZD-011 2 45 90.7 13,450+150
Charcoal OZD-422 2 49 102.8 13,600±180
Charcoal * 2 52 110.0 14,700+370
Shell OZD-012 2 56 118.2 19,300+ 140
Shell * 2 57 120.5 23,300+ 320
Shell * 3 60 126.7 29,700+1050
* ANSTO codes yet to be published
SUIII within the pre-glacial late Pleistocene period. Unfortunately, the chronological 
positioning of SUII is not so straightforward. From its basal date of 23,300BP±320 at XU57, 
the dates from SUII are in a relatively close sequence until XU41 (11,900BP±210). However, 
between XU41 and the next radiocarbon determination of 3100BP±60 in XU34 there is a 
large temporal gap despite the fact that the vertical space between these XUs is quite small. 
This indicates that between c. 11,900BP and 3100BP cultural material and sediments were 
either not deposited at the site, were deposited at very slow rates or suffered post-depositional 
removal (Davidson et al. 1993:170). Although natural factors such as erosion can result in the 
reduction and/or removal of sedimentary deposits, there is no stratigraphic evidence of such 
disturbances in GUM30 (Lourandos pers. comm. 1999).
Similar early to mid Holocene lapses in the dating series have been detected at other sites in 
south-east Cape York, namely Green Ant rocksheiter, Fern Cave, Sandy Creek 1 and 
Walkunder Arch Cave (Campbell 1982:65; David & Chant 1995:401; Flood & Horsfall 
1986:39; Morwood, Hobbs & Price 1995:78). At Green Ant, Fern Cave and Sandy Creek 1 it 
has been suggested that such a gap in the dating sequence provides evidence that these sites
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were not utilised by people during at least some portion of the early-mid Holocene period 
(David & Chant 1995:401; Flood & Horsfall 1986:39; Morwood, Hobbs & Price 1995:81).
To demonstrate the occurrence of such a hiatus in site use at Hay Cave, it is necessary to 
eliminate the possibility that other factors may have affected stratigraphic patterns either 
before or after the deposition of sediments. An assessment of this type is beyond the scope of 
my thesis and thus I propose to follow Holden (1999:18) in considering the period between 
XUs 35-40 as a stratigraphic break that may represent a hiatus or a large-scale reduction in the 
occupation of Hay Cave. Thus, while a more extensive set of dates is needed to confirm this 
suggestion, for the purposes of this thesis I have attempted to avoid aligning XUs 35-40 with 
any specific palaeoenvironmental or temporal period.
The depth-age graph for Hay Cave
The description of the chronological boundaries of each SU highlights some anomalies within 
the Hay Cave deposit. SUI is composed of 34 XUs, accounts for almost half of depth of 
GUM30, and covers 3100 years. SUTII incorporates only 5 XUs and is nearly one-fifth of the 
thickness of SUI, yet covers at least 6400 years. In comparison, SUII is over 4 times deeper 
than SUIII but covers only twice as much time. Furthermore, although SUII is approximately 
the same thickness as SUI, it accounts for almost three times as many years. This difference in 
the amount of space and time covered by the three SUs implies that the rate of sedimentary 
build-up may differ significantly throughout the site. Should this be the case, cultural and 
environmental materials would have had more time to accumulate in XUs that were deposited 
over longer periods of time than those that were established more rapidly. For example, in 
one XU, bone, teeth and jaws may have accumulated over 1000 years whereas in another XU, 
faunal material may represent only 200 years of deposition. Since the comparison of faunal 
material from different environmental and temporal periods is integral to the aims of this
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thesis it is essential to determine the approximate amount of time covered by each analytical 
unit.
Aside from obtaining radiocarbon dates from every XU, the use of a depth-age graph is one 
strategy available to calculate the approximate timespan of each of the 63 XUs of GUM30. 
Consequently, the 11 radiocarbon determinations in Table I were used to create the depth-age 
graph shown in Figure 7. As the dates from XU45 and XU49 were within one standard 
deviation, they were plotted as a mean at the depth of XU47 (as per Holden 1999:18). The 
resultant graph provides the means with which to use the known depth measurement of each 
XU to interpolate its approximate age.
1000 Years BP
0 5 10 15 20 25 30 35
Figure 7: Depth-age graph for Hay Cave
The main problem with estimating the age of XUs using depth-age graphs is that it involves 
the assumption that deposition and erosion rates are uniform “over the entire duration of time 
between two radiocarbon dates” (Hughes & Djohadze 1980:20). However, archaeological 
sites do not necessarily form according to a standard pattern and in many cases, the use of 
depth-age graphs results in inconsistencies in erosion and depositional trends being averaged 
out. Dates interpolated from such graphs may consequently be misleading. In light of the 
large time gap between XUs 34 and 41 it is clearly not acceptable to simply assume that rates 
of deposition and erosion remained constant throughout the extended period of time between
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the dates obtained from these XUs. For this reason, the line joining the date from XU34 to 
that from XU41 is marked with a query. Furthermore, I have attempted not to use dates 
interpolated from this period and, where reference to such dates was unavoidable I have used 
a question mark to indicate my uncertainty regarding their accuracy.
With the above exception, the 11 radiocarbon determinations from GUM30 are relatively 
close in temporal terms. By constructing the depth-age graph using a close sequence o f  fairly 
numerous dates, the averaging effects o f the assumption o f constant erosional and 
depositional rates are applied over shorter periods o f time and should be less severe, therefore 
providing interpolated dates that are hopefully more accurate (Hughes & Djohadze 1980:20). 
However, should an undetected hiatus in deposition have taken place at Hay Cave (other than 
that which possibly occurred between XUs 34-41), the dates interpolated from the portion of 
the graph containing the discontinuity will be incorrect. It is important to recognise that an 
undetected change in sedimentation or erosion rates will not affect all dates interpolated from 
the graph, rather, only those lying within the period o f  altered deposition or erosion rates will 
require adjustment. Such a contingency cannot be dismissed, yet for the reasons outlined 
above I believe that the use o f a depth-age graph is important to the interpretation o f the Hay 
Cave cultural deposit. I have consequently taken every effort to ensure that this graph is as 
accurate as possible.
The need for precision led me to use mathematical equations to interpolate dates for the Hay 
Cave sequence. When two points (xi, y.) and (xi, y2) lie on the same line, the equation of that 
line is y =m x + c where m is the gradient (y2-yi/x2-xi) and c is the point at which the line 
crosses the y-axis. After calculating the equation o f each o f the separate lines that constitute 
the depth-age graph, I substituted the depth o f each undated XU (y-value) into the appropriate 
line equation and received an approximate date (x value) for that XU. While this strategy
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cannot overcome the intrinsic problems with the use of depth-age graphs, it is far more 
accurate than using a pencil and ruler to physically interpolate dates.
The archaeological background of the Hav Cave site
As already stated earlier in this chapter, a wide range of materials were excavated from Hay 
Cave. Of these excavated items, burnt earth, stone artefacts, eggshell, charcoal and mussel 
shell are generally considered to be indicative of human activity. However, with the 
exception of stone artefacts, these materials can also enter a site through natural agencies and 
therefore may be ‘ecofacts’ rather than artefacts. The most logical way to resolve this issue is 
to undertake a site-specific comparison of the deposition patterns for each index. When 
diverse materials related to human activity, such as mussel shell, stone artefacts and burnt 
earth all have similar depositional trends, it is likely that the presence of these materials in the 
site is a reflection of human activity (David & Chant 1995). In contrast, the deposition of 
both landsnail shell and calcium carbonate is associated with the occurrence of wetter 
conditions rather than human involvement in a site (Rowe 1998:16, 67).
Using dates interpolated from the depth-age graph in conjunction with records of excavated 
material from each XU (Appendix C), I have calculated and graphed the rates at which burnt 
earth, charcoal, eggshell, mussel shell, stone artefacts, landsnail and calcium carbonate were 
deposited through time (Figures 8 to 14). The deposition rate of charcoal is not an entirely 
reliable index because there appears to have been some post-depositional destruction of 
charcoal as a result of ground-water movements in some levels of the site (Rowe et al. in
press:25).
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Figure 9: Deposition rate of charcoal
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Figure 11: Deposition rate of mussel shell
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Figures 8-12 demonstrate that, following the initial appearance of cultural materials within the 
site c.32,000BP (a date obtained by extrapolation of the depth-age curve), levels of these 
indices remain low until c. 15,000-12,500BP when a minor increase occurs in the proportions 
of culturally-associated materials deposited per 100 years. However, deposition rates of these 
materials do not reach their greatest peak until after C.4000-3500BP. The very small rise in 
the deposition of burnt earth c.30,000-25,000BP constitutes the only exception to these 
general trends.
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100 Years BP
Figure 13:Deposition rate of landsnail shell
Figure 14: Deposition rate of calcium carbonate
There is also a high degree of similarity between the depositional patterns of landsnail and 
calcium carbonate (Figures 13-14). As well as examining general landsnail and calcium 
carbonate deposition rates, Rowe (1998:49-51) also conducted a more detailed study of the 
diameter, height and whorl count of shells from the Pleuroploma extincta species.
She found that, in modem populations, these aspects of shell morphology are linked to 
variation in moisture levels. At Hay Cave, all the measurements of P. extincta reach their 
highest mean between XUs 49-47 (13,600-13,500BP), while calcium carbonate and total 
landsnail deposition rates peak between XUs 49-38 (13,600-7700BP). Using this combined 
evidence, Rowe (1998:78-79) suggests that, at Hay Cave, effective precipitation was at its 
highest levels between 13,600-3100BP but underwent a relative reduction in the late
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Holocene. The heightened deposition of landsnail and calcium carbonate in the early-mid 
Holocene may be the result of the low rate of sedimentation in these units “artificially 
concentrating” the proportions of these indices (Rowe 1998:69).
However, the fact that the original increase in both landsnail and calcium carbonate 
deposition rates occurs prior to the initiation of slow sedimentation indicates that the high 
values of landsnail and calcium carbonate c. 13,600-11,900BP are not related to cultural site 
formation processes but are associated with climatic change. Similarly, although David and 
Stanisic (1991:24) state that landsnails may be heavily affected by microclimatic change, the 
correlation between calcium carbonate and landsnail deposition rates indicates that this 
situation did not arise at Hay Cave. Rather, Rowe’s (1998:78-79) proposed increase in 
rainfall after c. 13,600BP coincides closely with the initiation of heightened rainfall at Lake 
Carpentaria, a fact which conceivably reflects the extension of the Lake Carpentaria monsoon 
system to encompass the Mitchell-Palmer region (Rowe 1998:76).
Despite identifying variation in the levels of precipitation , Rowe (1998:78) argues that the 
relatively small scale of the changes in landsnail and calcium carbonate deposition rates 
implies that the increase in rainfall in the early-mid Holocene at Hay Cave was not as large as 
that indicated by the palynological evidence from the Atherton Tablelands (see Chapter 2) and 
would not have been sufficient to support rainforest communities of any great extent. Given 
that the early-mid Holocene is the only period in which an identifiable rise in rainfall appears 
to have occurred, Rowe (1998:78) therefore proposes that open forest ecological zones were 
dominant in the vicinity of Hay Cave for the duration of its occupation. She further extends 
her hypothesis and suggests that the Mitchell-Palmer region and perhaps all of western south­
east Cape York experienced a lesser degree of climatic alterations than that which occurred on 
the Atherton Tablelands (Rowe 1998:80). As stated in Chapter 2, the current
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palaeoenvironmental model for south-east Cape York is based on evidence predominantly 
from sites in the Atherton Tablelands and thus, Rowe’s (1998) hypothesis is of much 
significance. Consequently, I intend to use the analysis of the vertebrate faunal assemblage as 
a means to further examine the applicability of Rowe’s (1998) argument at Hay Cave.
Specific archaeological data from GUM30 was also assessed by Terlich’s (1998) analysis of 
the teeth and jaws from the faunal assemblage. Only one radiocarbon date was available from 
Hay Cave at the time of Terlich’s study and consequently he was unable to present any solid 
conclusions regarding occupational patterns or palaeoenvironmental conditions at the site. 
Unfortunately, there are significant disparities between Terlich’s identifications of the teeth 
and jaws from GUM30 and my own taxonomic identifications and thus I did not use his 
GUM30 taxonomic list to supplement my own findings.
The most recent study of the Hay Cave site was conducted by Holden (1999) and provides 
valuable data regarding patterns of human site use. As a result of her examination of the lithic 
assemblage, Holden (1999:96) found that in SUs II and III, this evidence was insufficient to 
assess changes in patterns of human activity. However, the lithic analysis also indicated that 
the fluctuations in the deposition rates of stone artefacts (Figure 12) are not related to 
alterations in manufacturing location, techniques, or raw materials but rather are linked to 
changes in intensities of site use (Holden 1999:94). Consequently, a linear regression analysis 
was employed to compare the proportional sediment weight of stone artefacts with that of 
burnt earth, mussel shell and egg shell (Figures 8,10 and 11) and revealed a high degree of 
correlation between the deposition rates of cultural indices (Holden 1999:98-99). On the 
basis of these rates, Holden (1999:102) proposes that intensities of site use at Hay Cave 
gradually increased from c.29,700-13,500BP, after which time the possibility of an early-mid
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Holocene abandonment or reduction in site use makes the period c. 11,900-3100BP difficult to 
interpret.
In contrast, the late Holocene period not only contains the highest proportions of all cultural 
indices (Figures 8-12) but also includes evidence for the rationing of stone resources. Holden 
(1999:96) therefore argues that this period experienced a peak in levels of human activity in 
which the demand for stone was extremely high, hence inducing practices aimed at 
conserving this resource. In relation to the late Holocene patterns, it is also extremely 
interesting to note that all rock art in the Hay Cave site dates to the late Holocene, a fact 
which may be similarly suggestive of changes in human behaviour at this time (David & 
Lourandos 1998:205).
Conclusion
Hay Cave is situated in the Mitchell-Palmer area of south-east Cape York and was occupied 
from before 29,700BP until the modem era, although it is possible that a hiatus in site use 
occurred during the early-mid Holocene. The 1996 excavation of Hay Cave revealed the 
presence within the deposit of both cultural and environmental materials and despite its 
limitations, the use of a depth-age graph enabled me to determine deposition rates for each of 
these indices. The ensuing graphs demonstrate that rates of deposition of cultural materials 
remained relatively low after the time of initial occupation until increasingly slightly 
c. 15,000-12,500BP. There is again a significant reduction in deposition rates between 
12,500-4000BP, a period that is identified as one of possible site abandonment or reduced use. 
However, C.4000-3500BP there is a resurgence in the deposition of cultural indices such that 
they are present at their maximum rate in the late Holocene period. It therefore appears that 
this late Holocene period saw greater intensities of human activity at Hay Cave, an hypothesis
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that concurs with both the results of Holden’s (1999) lithic analysis and the regional pattern 
for south-east Cape York (see Chapter 2).
In relation to past climatic conditions, Rowe (1998) suggests that landsnail and calcium 
carbonate deposition rates indicate a pattern of environmental change at Hay Cave that 
grossly concurs with the established palaeoenvironmental model for the region. However, she 
argues that the fluctuations in rainfall at Hay Cave were of a smaller scale than those detected 
in sites to the east of the Great Dividing Range (Rowe 1998:78). Consequently, in Chapter 7, 
the vertebrate faunal evidence is discussed in relation to both Rowe’s (1998) 
palaeoenvironmental hypothesis and Holden’s (1999) proposed pattern of alterations in the 
intensities of site use. The methodological background upon which the use of faunal analysis 
is based will therefore be discussed in the following chapter.
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CHAPTER 4: METHODOLOGY 
Introduction
This chapter presents a literature-based assessment of the theoretical aspects of faunal 
analysis, outlining the major concepts employed during the course of my thesis. I examine 
the methodological basis underlying both the role of faunal studies in reconstructing 
palaeoenvironmental conditions and the use of faunal materials to hypothesise about past 
human behaviour. The theory underlying the latter is explored in detail via a discussion of the 
role of species representation, bone fragment size and skeletal element representation rates in 
identifying the effects of human predation. Significant attention is also paid to the use of 
bone colour to distinguish between naturally burned bone and that burnt in anthropogenic 
fires. By critically examining such a range of issues, I intend to establish a sound 
methodological basis for the following chapters of this thesis.
Environmental reconstructions
A well established body of theory exists regarding the use of faunal analysis to discuss 
changes in palaeoenvironmental conditions. Such environmental reconstructions require 
knowledge of the preferred climatic and vegetation preferences of various animal taxa so that 
chronological alterations in proportions of habitat-specific animals can be used to make 
inferences regarding palaeoclimatic fluctuations (Butzer 1982:200; Cosgrove et al. 1990). In 
particular, valuable insight into past ecological conditions can be obtained through the 
appearance within a site of taxa that have not previously been found in that context but which 
are known to inhabit defined environmental niches (Grayson 1979:228). The nature of 
taphonomic and archaeological processes dictates that the absence or disappearance of a 
particular type of fauna cannot be used as the sole evidence with which to suggest that the 
habitats and conditions preferred by these animals did not exist at the site (Grayson
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1979:228). Rather, the composition of archaeological faunal assemblages can be directly 
influenced by post-depositional destruction, human and animal predatory behaviour and 
excavation techniques (Marean 1991:679). Therefore, the excavated faunal material is merely 
a sample of the original animal population and is not expected to include the entire 
palaeofaunal suite from the locality.
However, valuable data can be produced by basing environmental reconstructions only on 
significant proportional changes in taxonomic abundance and discussing them in light of their 
possible relationships to other non-environmental factors that may have initiated such 
alterations (Butzer 1990:200). It is emphasised that this analysis should only be based on 
proportional rather than absolute numerical changes (Grayson 1979:23). For example, a 
statistically significant fourfold increase in the numbers of a cool-climate dwelling species 
does not, of itself, constitute evidence that the climate was four times cooler in this period 
than in the previous one. Instead, it simply suggests that conditions at this time were 
comparatively cooler. Thus, provided that its limitations and requirements are understood, 
faunal analysis provides an important means with which to reconstruct palaeoenvironmental 
conditions.
Faunal-based descriptions of past alterations in climates and ecological zones not only 
provide information on a regional level but also grant insight into localised conditions. While 
palynological and other palaeoenvironmental studies are of great value in reconstructing 
broader patterns of environmental change, such analyses are rarely conducted within 
archaeological sites themselves. However, as faunal assemblages are site-specific, they 
provide detailed information on the localised environment, including aspects such as the 
presence or absence of water supplies (Bahne et al. 1978:60; Hope et al. 1977:380). In 
archaeological terms, the primary purpose of undertaking environmental reconstruction is to
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determine the conditions in which people lived in the past, and to examine the way in which 
these palaeoclimatic changes did or did not affect patterns of human behaviour. For this 
reason, the role of faunal studies in granting insight into site specific environmental 
conditions is of primary importance.
The use of faunal analysis in discussions of past human behaviour
Faunal analysis can not only be used in the reconstruction of palaeoenvironmental conditions, 
but can also be of value in the interpretation of cultural trends. However, before attempting to 
make any such inferences, it is necessary to separate faunal material brought into the site 
through human agency from that introduced by animal predators (Lyman 1994:5).
The presence of species patterns in relation to identifying predator involvement
Determining the range of species represented in the faunal record can be of importance in 
regard to predator identification. Although the presence within a deposit of larger mammals 
such as macropods is generally interpreted as evidence of human activity within a site, it must 
be recognised that other animals including dingoes and Tasmanian devils (Sarcophilus 
harrisii) can directly prey on such animals or obtain them through secondary scavenging 
(David 1984b:40; Marshall & Cosgrove 1990:103,109). Thus, although humans may be the 
most likely predators of macropods, high proportions of these animals do not necessarily 
constitute evidence of human occupation of a site (David 1984b:40). Ethnographic evidence 
also suggests that small birds and rodents typically did not feature in pre-contact Aboriginal 
diets except in times of economic necessity (Balme et al. 1978:52; Bowdler 1984:63). In 
contrast, carnivorous mammals typically employ a greater degree of variety in their diet, 
consuming numerous species of small mammals and birds (David 1984a:49, David 
1984b:43). However, as both human and animal dietary preferences can encompass the same 
range of animal taxa, the presence of a preponderance of macropods provides indicative rather
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than definitive evidence of human activity, while a similar argument applies to the 
consideration of quantities of small birds and rodents in relation to animal predation (David 
1984b:40).
The distinction between avian involvement in bone deposition and the predatory patterns of 
other animals and humans is clearer given that the diets of carnivorous birds are well 
documented and distinctive. Animals such as owls and falcons typically consume reptiles and 
small mammals, particularly rodents, and differ from humans and other animals in that they 
lack the capacity to capture large mammals such as macropods (Lyman 1994:198). Both 
Balme et al. (1977:52) and Bowdler (1984:75-76) utilised this logic to identify avian 
involvement in bone deposition at Devil’s Lair and Cave Bay Cave respectively. The 
identification of the precise species of predatory bird is, of itself, not particularly relevant 
when attempting to separate archaeological from non-archaeological bone.
More importantly, although shared occupation of a site by humans and animals is not 
impossible, heightened human activity within a confined space is generally not conducive to 
animal inhabitation of the same area. Therefore, David (1984a:49) proposes that intensive 
human site use will result in a reduction in the deposition of animal fauna associated with the 
diets of predatory birds and other animals while also initiating an increase in the 
representation of macropods within the faunal assemblage.
Bone fragment size as an index of predator type
The size of bone fragments within an assemblage can also provide evidence with which to 
distinguish the remains of human prey from that of other animals. Analysis of the scats of 
Tasmanian devils revealed that 75% of the bone excreted by these animals measures less than 
15mm in maximum dimension (Marshall & Cosgrove 1990:106). The discussion of similar
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evidence by Douglas et al. (1966) has provided the logic whereby bone fragmentation 
patterns have long been considered as a valuable means with which to distinguish between 
human and Tasmanian devil predation. Importantly, there are some limitations to this 
argument. First amongst these is the fact that ethnographic accounts describe the chewing and 
pulverising of bones by Western Desert Aborigines (Balme et al. 1978:52). It is therefore 
possible that human consumption activities can, to a certain extent, mimic those of animal 
carnivores. Furthermore, Marshall and Cosgrove (1990:109-110) raise the important point 
that the patterns of small bone fragment size interpreted as typical of devil activity can 
actually be produced by other marsupial carnivores including dingoes and native cats.
However, perhaps the main fault underlying all considerations of bone fragment size is that 
they fail to recognise the impact that other taphonomic processes may have on patterns of 
bone breakage. Trampling, either by humans or animals, can greatly increase the occurrence 
of bone fracturing, as can sedimentary overburden pressures (Haynes 1988:146; Marean 
1991:661 ; Myers et al. 1980; Olsen & Shipman 1988). Experimental studies reveal that 
smaller, denser skeletal elements such as teeth are typically less likely to undergo such post- 
depositional breakage (Andrews 1990:8-10; Klein & Cruz-Uribe 1984:71; Lyman 1994:235- 
236; Marean 1991:687). This situation is reversed in the case of bones subjected to a greater 
degree of weathering and those that have been exposed to fire (Hesse & Wapnish 1985:27-28; 
Marean 1991:691; Myers et al. 1980:487; Olsen & Shipman 1988:537; Saunders 1977:105).
Unfortunately, distinguishing bone broken after deposition from that shattered during the 
process of consumption by humans and animals is extremely difficult because, in both cases, 
bone breakage logically occurs in the weakest parts of the bone (Olsen & Shipman 1988:537). 
Thus, it is apparent that high degrees of bone breakage cannot simply be identified as 
evidence of human or animal consumption activities but rather may reflect the effects of
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trampling, sedimentary overburden pressures and burning. Patterns of bone fracturing should 
therefore be assessed only in light of other general evidence regarding animal or human 
predation.
However, in the case of carnivorous birds, examinations of bone breakage patterns can be of 
value. The degree of fragmentation of bone found in owl pellets “is significantly less than 
that recorded in the scats of other animals.” (Geering 1990:136; Lyman 1994:202-203). As 
there are no factors that act to increase the completeness of bones after deposition, the use of 
bone fragmentation rates to hypothesise about the role of avian predators is comparatively less 
problematic. Therefore, a high degree of specimen completeness amongst taxa typically 
consumed by avian predators provides an excellent index for the involvement of carnivorous 
birds in bone deposition (Andrews 1990:203; Balme et al. 1978:52, Bowdler 1984:77, 
Cosgrove et al. 1990:67).
The use of skeletal element representation rates to distinguish between Tasmanian devil 
and human predation
Identifying bones that were the prey of humans as opposed to those consumed by animals can 
also be assisted by an examination of the types of skeletal elements present within each 
analytical unit of a site. In particular, much attention has been paid to comparing the skeletal 
element representation rates resulting from Tasmanian devil predation with those produced by 
human activities. Bowdler (1984:85) suggests that bone accumulations created by Tasmanian 
devils will contain a statistically greater number of vertebrae, calcanea and astragali (ankle 
and foot bones), whereas those produced by humans feature statistically higher quantities of 
pelves, fibulae and ribs. Although Marshall and Cosgrove (1990:110) determined that 
longbones and ribs are in fact frequently found within devil scats, their studies do confirm the 
over-representation of vertebrae, feet and ankle bones in devil excretions. The presence of
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disproportionate quantities of these bones in conjunction with high rates of bone breakage 
therefore provides a relatively sound argument for the involvement of Tasmanian devils in 
bone deposition
The presence of burnt bone as an index of human activity
The occurrence of burnt bone within a site is typically interpreted as evidence of human 
activity. Although the majority of faunal analyses discussed in this chapter have been 
conducted in the context of caves and rockshelters where natural fires are unlikely to occur, 
the fact remains that bone burnt by bushfires can be washed into a site. Consequently, a range 
of studies have been conducted in an attempt to determine the changes induced in bone under 
a variety of different burning conditions. These experiments assess several attributes, but it is 
the discussion of bone colour that is most relevant to my thesis.
In relation to evidence of burning, bone can be divided into three main categories: unbumed, 
carbonised/charred and calcined (Baby 1954 cited in McCutcheon 1992:350; Buikstra & 
Swegle 1989; McCutcheon 1992; David 1990a; Shipman et al. 1984). The carbonisation of 
bone occurs as bone collagen is changed to carbon and results in the bone turning brown to 
black in colour, depending on the amount of time for which it is exposed to heat. Bone in 
which all the organic material has been burnt away and which is coloured blue-grey, grey or 
white is referred to as being calcined (David 1990a:68; Lyman 1994:385 McCutcheon 
1992:350-351 ; Shipman et al. 1984:308). The carbonisation of bone is a common process 
that happens at a wide range of temperatures (Shipman et al. 1984:312-313) whereas both 
David (1990a:69) and McCutcheon (1992:354) record that calcination occurs only at 
temperatures greater than 440-500°C.
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There is significant disagreement as to the temperatures generated by intentionally built fires, 
with European and American studies recording hearth temperatures of 680-820°C and 400- 
700°C (Buikstra and Swegle n.d. cited in Shipman et al. 1984:308; Tylecote 1962 cited in 
Shipman et al. 1984:308). In the Australian context, David (1990a:74) found that the range of 
temperatures produced by his experimental campfire ranged from c.400-840°C. Importantly, 
all campfire temperatures described in the above studies can also be generated by Australian 
bushfires, which vary in maximum temperatures from 500°C to 927°C for fine grass fires and 
open forest fires respectively (Cheney; Packham and Pompe; Vines, all cited David 
1990a:67).
Rather, the essential difference between bushfires and campfires is that the period of time for 
which natural fires bum in a single area is relatively short in comparison to anthropogenic 
fires (David 1990a:67). Although information regarding the intensity and duration of 
Australian bushfires is limited, Phillip Cheney is recognised as the expert in this field 
(Richard Clarkson pers. comm. 1999). Consequently, Clarkson (pers. comm. 1999), a fire 
manager with the Queensland National Parks and Wildlife Service, could find no grounds to 
refute Cheney’s statement (cited in David 1990a:67) that Australian bushfires are of 
comparatively short duration, such that the longest type of bushfire - that occurring in heavily 
littered forests - has a peak total smouldering and residence time of eight to 13 minutes. 
Smouldering times may be increased in the vicinity of large logs and/or tree bases although 
“the only areas affected will be those immediately adjacent to the smouldering wood” 
(Clarkson pers. comm. 1999; David 1990a:68).
In light of the above evidence, it is extremely important that prolonged burning periods as 
well as high temperatures are essential for the occurrence of calcination. When fires are “...of 
short duration, bones are likely to survive intact or mostly intact and cannot be expected to
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have reached the maximum temperature of the heating device.” (Shipman et al. 1984:322- 
323). This is partially demonstrated by David’s (1990a:71,73) finding that bone placed in an 
anthropogenic fire that was actively burning for 65 minutes and was left to smoulder for 300 
minutes had a surface calcination rate of 95%, whereas bone burnt in the same fire for 25 
minutes was calcined across only 24.5% of its surface area. In contrast, bone subjected to the 
type of bushfire that typically would reach temperatures high enough to calcine bone was not 
calcined but was merely carbonised. Thus, despite the similarity in the temperature range of 
natural and anthropogenic fires, skeletal material burnt in the campfire for 25 minutes had 
only been calcined at low rates and yet had undergone burning for approximately twice the 
absolute maximum residence and smouldering times of Australian bushfires. In combination 
with the data demonstrating that calcination rates increase in proportion to the amount of time 
for which the bone is burnt, this evidence illustrates that the duration of burning is an 
extremely important element in the occurrence of calcination (David 1990a:75; Shipman et al. 
1984:323). Given the relatively short residence and smouldering times of even the lengthiest 
of Australian bushfire types, it is extremely unlikely that bone burnt in natural fires will be 
exposed to high temperatures for long enough to undergo calcination (David 1990a:75). The 
only probable exception to this hypothesis occurs when bone is deposited directly around the 
base of trees or large logs where smouldering may take place for extended periods of time. 
Having taken this limitation into account, the presence of calcined bone within a dated layer 
of a site thus constitutes a sound means with which to identify human presence in the relevant 
time period.
However, the colouration of bone can also be significantly affected by the composition of the 
soil matrix in which it is found (McCutcheon 1992:365; Shipman et al. 1984:320). For this 
reason, it is suggested that the problems of post-burial bone colouration can be overcome by 
taking into account “the chemical properties of the archaeological deposit and any post-
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depositional alterations that can act differentially on one stratum as opposed to another” 
(McCutcheon 1992:366).
Even when calcined bone is identified, it is impossible to directly determine whether it was 
intentionally placed in a campfire or was already present on the site floor and was burnt by 
overlying fires (David 1990a:65). Should the latter be the case, the bone could have been 
brought into the site by animals and therefore it cannot simply be assumed that because a 
bone is calcined it was the subject of human consumption (David 1990a:66; Hope et al. 
1977:368). This problem can be partially counteracted by also examining other factors 
suggestive of human predation such as species range and bone fragment size. Yet, given the 
degrees of uncertainty surrounding these indices (as outlined earlier in this chapter), such an 
approach may not prove entirely satisfactory. There is also some evidence to suggest that 
bone which is recently defleshed or “fresh” prior to calcination will have a distinctive blue- 
grey colour tinge, therefore providing a means with which to identify skeletal elements burnt 
in an anthropogenic fire relatively soon after consumption (Buikstra & Swegle 1989:252; 
David 1990a:74). However, as there is no clear definition of the length of time for which a 
bone remains “fresh”, it cannot automatically be assumed that blue-grey calcined bone 
represents the results of human consumption activities. In contrast, the occurrence of calcined 
bone within a site constitutes an important index for human presence and thus the assessment 
of bone colouration should be incorporated within all faunal analyses aiming to discuss 
patterns of human behaviour.
Other important aspects of bone condition
It is not only bone colour that can provide valuable information regarding the agencies of 
bone deposition. The observation of distinctive animal bitemarks on a bone demonstrate that 
it has been subject to mastication by a non-human predator. With considerable expertise, it is
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possible to distinguish between animal bitemarks and the scratches on bone surfaces created 
by trampling or human butchering (Haynes 1988:152-153; Olsen & Shipman 1988:549). 
However, as already mentioned, many Australian carnivores are scavengers and therefore 
may have left their taphonomic signature on bones that were initially the product of human 
consumption (Marshall & Cosgrove 1990:109). The exclusion of all bone bearing animal 
bitemarks may therefore result in a slight underestimation of human involvement in bone 
deposition and yet, such a decision is more logical than simply assuming that all bone within 
an archaeological context is related to the use of a site by humans.
Bone condition is also an important consideration in regard to owl predation. Analysis of the 
excreted pellets of the masked owl (Tyto novaehollandiae) demonstrates that bone consumed 
by owls is generally highly damaged by digestive processes (Geering 1990:140-141). In 
combination with an examination of species representation patterns and bone breakage rates, 
the presence of digestive-damaged bone can be used as evidence for the involvement of owls 
in bone deposition.
Variation in sedimentation rates in relation to intensity of site use
The information discussed above is all related specifically to the detection of patterns within 
the faunal assemblage. As discussed in the preceding chapter, other deposited materials can 
also be used to gain an understanding of environmental conditions and patterns of human site 
use. The logic underlying the use of these indices is relatively straightforward and therefore 
is not heavily debated in the archaeological literature.
In contrast, the use of sedimentation rates to hypothesise about the intensity of site use has 
been subject to some criticism. As a result of the geomorphic analysis of sandstone 
rockshelters, Hughes & Lampert (1982:16) argue that, in enclosed sites, there is a direct
58
relationship between rates of sediment accumulation and artefact discard rates. It is therefore 
suggested that heightened sedimentation in sandstone rockshelters is a reflection of more 
intensive site use (Hughes & Lampert 1982:16). Gilleson’s (1982:478) studies in the 
Elimbari karst towers of Papua New Guinea demonstrate that this hypothesis is applicable to 
limestone as well as sandstone caves. However, natural factors will also affect the deposition 
of sediments. Indeed, even when normal erosion conditions are in place within rockshelters, 
sedimentation rates still undergo a degree of gradual increase. Although these changes are not 
as sudden as those reported by Hughes and Lampert (1982), the fact that alterations in 
sedimentation can be linked to non-human phenomena demonstrates that heightened 
sedimentation rates alone do not constitute adequate evidence with which to suggest that 
human use of a site was more intensive (Ross 1985:85). Rather, trends in sedimentation 
should be considered in light of other cultural evidence such as that described in the preceding 
chapter.
Conclusion
A significant amount of literature exists regarding the methodology underlying faunal 
analysis. It is therefore very well documented that proportional changes in taxonomic 
abundance and the types of animals present within a site can be used to gain insight into past 
environmental conditions on both a regional and local level. In contrast, the use of faunal 
evidence to identify patterns of human activity is somewhat more problematic given that the 
examination of species representation, bone fragmentation and skeletal element representation 
rates are all subject to relevant criticisms. However, as predatory birds have dietary 
preferences and eating habits that are readily distinguishable from those of other animals, the 
afore-mentioned indices can be used to identify the involvement of avian carnivores in bone
deposition.
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Furthermore, despite the problems inherent with the use of bone breakage rates to identify 
non-avian predators, the theoretical literature describing the mechanics of bone fracture 
implies that evidence of this type may provide important information regarding the 
compaction of sediments and/or the occurrence of trampling.
Also of importance is the fact that the presence of bone bearing distinctive calcination 
colouration provides strong evidence for the use of a site by humans. In conjunction with 
patterns of deposition of other cultural indices and rates of sediment accumulation, the 
analysis of the faunal assemblage thus provides an excellent source of information with which 
to examine trends in the human use of Hay Cave. The theoretical considerations outlined 
within the course of this chapter provide the basis for the methods used in the analysis of the 
GUM30 faunal assemblage, the details of which are described in the following chapter.
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CHAPTER 5: METHODS 
Introduction
This chapter discusses the methods used in the analysis of the faunal assemblage from Hay 
Cave. It addresses the reasons underlying both the selection of the sample from GUM30 and 
the choice of analytical units with which to examine this material. Furthermore, a description 
is given of the techniques used to separate, measure and record various attributes of the 
assemblage including size, colouration, type of skeletal element and taxa of origin. For the 
purposes of brevity, the term bone will hereafter be used to refer to all post-cranial bone and 
dental elements except when otherwise specified.
Selection of the sample
GUM30 was selected as the primary source of my sample for a number of reasons. Sampling 
strategies are used to provide data that are representative of the whole but require 
considerably less time to gather, a fact which is particularly significant given the time- 
consuming nature of faunal studies (Shackley 1981:161). GUM30 was chosen as the focus of 
my study on the basis that it was excavated to deeper levels than the other GUs at Hay Cave 
and was the origin of the materials examined by Holden (1999), Rowe (1998) and Terlich 
(1998). Also, GUM30 is the only unit at Hay Cave from which a series of radiocarbon dates 
has been obtained, thus allowing the results of the faunal analysis to be placed in a 
chronological framework.
The large quantities of bone excavated from the 63 XUs of GUM30 meant that the use of 
further sampling procedures was necessary. As stated in Chapter 3, the first two SUs of 
GUM30 span 57 XUs over 23,300 years whereas SUIII covers over 6400 years in only 5 
XUs. On these grounds, I decided that the analysis of faunal remains from every third XU in
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SUI and SUII would provide a representative sample, whereas it was necessary to examine 
the teeth, bones and jaws from all XUs in SUIII in order to obtain a reasonable temporal 
sequence of the faunal assemblage.
Separation of bone from concretions
On initial examination of the material from GUM30,1 observed that much of the material 
encased by calcium carbonate concretions closely resembled animal skeletal remains. The 
failure to include all of the sampled vertebrate faunal assemblage would have rendered this 
study incomplete and yet, in its concreted form, it could not be measured and identified 
accurately. After consulting with Dr Tom Loy (Department of Anthropology and Sociology, 
University of Queensland) and Dr Richard Robins (Queensland Museum), I decided that the 
use of an acetic acid bath was the most efficient way to expose concreted bone. As calcium 
carbonate weights for each XU have already been recorded (see Appendix C), the dissolution 
of a small proportion of the concretions did not cause the loss of information but was intended 
to enhance current knowledge.
The process of acid-bathing is quite simple. Larger pieces of calcium carbonate were 
carefully reduced with a hammer and chisel before being placed with other smaller fragments 
on a sheet of fibreglass flywire in a Pyrex dish, which was then filled with 20% glacial acetic 
acid. Depending on the size of the concretions, the progress of the acid bath was checked 
every 3-5 minutes and exposed faunal material was removed. However, it was unavoidable 
that the acetic acid minimally affected the colour and degree of breakage of some bathed 
specimens, such that some treated bones were cracked and darkened in colour. For this 
reason, skeletal elements that had been in contact with acid were excluded from 
considerations of burning and bone fragment size, and were placed in separate marked bags. 
Since this material was not assessed for colour, it was not included in bone weights for
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comparison of burnt to unbumed bone, but provided important data in relation to taxonomic 
identifications and temporal changes in total bone weights, therefore justifying the use of 
acid-bathing procedures.
Measurement of the faunal assemblage
My analysis of the faunal assemblage assessed the following attributes: bone fragment size; 
bone colouration; types of skeletal elements present; and the range of taxa present in the 
assemblage. However, the post-cranial bone was so heavily fractured that the vast majority of 
it was unsuitable for taxonomic identification. Consequently, those post-cranial bones that 
could be identified to species or family level were recorded on a separate data sheet (see 
Appendix D) while also being included with the non-identified post-cranial bone in the 
calculation of the quantities and types of burnt bone, overall bone weight, bone fragment sizes 
and skeletal element counts (see Appendix F). Teeth and jaws were recorded on separate 
forms (Appendix E).
The identifiable dental elements and post-cranial bones were weighed individually while the 
unidentified bone, teeth and jaws were weighed in groups according to XU. A Sartorius 
universal balance accurate to 0. lg was used. Unfortunately, the mass of many of the 
identified teeth fragments was too small for the scales to register, and thus they were weighed 
collectively with the unidentified teeth according to XU. The above complications with the 
assessment of attributes meant that the use of data record forms (Appendix D-G) provided a 
straightforward and simple way with which to record the numerous measurements.
Linear measurement of the post-cranial bone assemblage
The high degree of fracturing of the post-cranial bone from GUM30 largely determined the 
manner in which the size of the bone fragments was assessed. On my initial sighting of the
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faunal material it was apparent that the extremely small size (under 15mm) of the majority of 
the post-cranial bone fragments meant that the individual measurement of each bone would 
have been excessively time-consuming. On the suggestion of Dr. Annie Ross, I measured the 
post-cranial bone using a series of size classes based on five millimetre increments. The 
actual measurement was done on a sheet of one millimetre graph paper divided into five 
millimetre size classes and then covered in plastic in order to prevent contamination of the 
samples. In order to retain comparability with Marshall and Cosgrove (1990), bones were 
placed in size classes according only to their maximum linear dimension, following which, 
the percentage by number of bone fragments under 15mm was calculated for each analytical 
unit.
Assessment of burning to teeth, jaws and bones
In accordance with the methodological criteria established by David (1990a), McCutcheon 
(1992) and Shipman et al (1984) for the examination of bone burning, bone was divided into 
three main groups according to its surface colouration: unbumed; carbonised; and calcined. 
Importantly, the pale to dark yellow or yellow-grey colour that characterises unbumed bone in 
SUI was not represented in bone from some XUs of SUII and all units within SUHL The 
prominent shift in bone colouration between SUI and SUs II and III coincides with the major 
change towards a darker sedimentary colour. Therefore it seems that the mid-light brown 
colouration of large quantities of bone in SUs II and III was a result of changes in soil type 
rather than burning activity. To prevent this sedimentary colour change from affecting burnt 
bone data, light-mid brown coloured bone was not considered burnt in the context of this 
study despite McCutcheon’s (1992:354) and Buikstra and Swegle’s (1989:252) assertions that 
this colour represents the early stages of bone charring. This exclusion may have resulted in 
an underestimation of bone burning, particularly in SUI. However, since only small amounts 
of light-mid brown bone were observed in this SU, the degree of possible underestimation
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was very slight, and was more than justified in light of the significant overestimation that 
would have resulted from including light-mid brown bone from SUIII in burnt bone rates.
The definition of exactly which colour in the Munsell chart is representative of each of the 
different stages of burning varies marginally between authors. While all refer to calcined 
bone as white, blue-grey or grey and describe carbonised bone in varying shades of brown 
and black, there are disparities between the Munsell code allocated to each colour (David 
1990a:71; McCutcheon 1992:33; Shipman et al. 1984:313). This is conceivably a result not 
only of variation in the individual’s perception of colour, but may also reflect the use of 
different fuels, burning conditions and types of experimental bone. David’s (1990a) study 
involved an outdoor purpose-built campfire and utilised animal bones and plant fuels of 
Australian origin. In contrast, McCutcheon (1992) and Shipman et al. (1984) conducted their 
studies on non-Australian materials within laboratory contexts. For this reason, I have elected 
to follow David’s (1990a:71) colouration criteria. Carbonised skeletal elements are therefore 
defined as those that are coloured from 7.5YR2/0 (black) to 7.5YR3/2 (dark brown). The 
calcined bone group is composed of bone that is coloured blue-grey (2.5Y8/0, 2.5Y7/0, 
7.5YR8/0 and 7.5YR7/0), grey (2.3YR6/0) and white (5YR8/1, 10YR8/1, 10YR8/2 and 
10YR8/3).
The high number of very small pieces of vertebrate skeletal material in GUM30 meant that 
determining the exact proportion of each fragment that was unbumed, carbonised and/or 
calcined would have taken more time than was available for my study. Therefore, I followed 
Dr. Harry Lourandos’s suggestion that when one small area on a bone has been carbonised, it 
provides evidence that that material has been in direct contact with fire and therefore that 
bone can be considered carbonised. Similarly, if a predominantly carbonised bone has a small 
area of calcination on it then it must have been present in fire conditions where calcination
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was possible and consequently it is recorded as a calcined bone. The weights of carbonised 
and calcined bone were then determined, both on a per XU basis and in terms of the other 
analytical units discussed later in this chapter. However, as the carbonisation of bone may 
reflect both natural and anthropogenic fire, the data relating to carbonised bone is presented in 
the following chapter but will not be discussed any further in this thesis.
Identification of skeletal elements
An in-depth zooarchaeological examination typically involves the identification of the types 
of skeletal elements present in the specified faunal assemblage (Grayson 1979; Lyman 1994; 
David 1990a). At Hay Cave, the high degree of bone breakage meant that completely intact 
post-cranial bone is extremely rare. Consequently, I established a set of criteria to divide the 
bone into basic skeletal element categories.
Limb bones have an approximately cylindrical central shaft, and also feature a rounded 
medullary cavity. If the bone has been fractured along the axis passing from the proximal to 
the distal end, the cylindrical appearance of the whole bone is still apparent in the high degree 
of shaft wall curvature of the fragment. The shafts of limb bones may still be attached to their 
epiphyses (proximal and distal ends) which, when separated from the central portion of the 
bone, consist of a flat figure-eight-like face topped by a mounded, contoured mass that 
articulates the bone with the adjoining skeletal element. For consistency, detached epiphyses 
were included in the limb bone group.
Rib bone generally has a flatter shaft circumference and is more curved along the length of its 
proximal to distal axis. The medullary cavity may not be present in some areas of the ribs, 
but when it is apparent it is more elliptical in shape than the rounded limb bone marrow 
cavity. Teeth were identified on the basis that their size and shape were obviously tooth-like
66
and/or the distinctive reflective polish of dental enamel was present. Furthermore, through 
comparison with the Queensland Museum vertebrate zoology collection, it was possible to 
more specifically identify some of the less fragmented bone including vertebrae and femora. 
Due to the large number of post-cranial bone fragments in GUM30, for ease of interpretation I 
have presented skeletal element representation rates as a percentages of the total number of 
bones.
Taxonomic identification
The identification of faunal remains to species, genus or family level constitutes a major facet 
of my thesis. However, high rates of post-cranial bone breakage meant that taxonomic 
identifications were conducted primarily on teeth and jaws. The first stage in this process was 
the identification of tooth/teeth type: molar; premolar; incisor; or canine. With the assistance 
of Dr Steve Van Dyck and the use of the Queensland Museum vertebrate zoology collection, 
the species or family of origin of each identifiable dental specimen, its location on the left or 
right side of the jaw and its number in the sequence of that tooth type were recorded 
(Appendix E). Unfortunately, these data were not always obtainable due to the effects of 
fracturing and the fact that species within the same genera or family often have very similar 
dentition, making the determination of species from comparative analysis of teeth extremely 
difficult and occasionally impossible. Where species identification was not feasible, I 
attempted to place a dental element within a genus or family group, and describe its animal of 
origin in terms of an approximate size class, for example, “similar in size to Macropus 
r o b u s tu s This was part of the general aim of gaining as much information as possible from 
the dental identification process.
A similar approach was applied to the identifiable post-cranial bone elements. Although, 
these bones are far less diagnostic than teeth and jaws, in several instances, it was possible to
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identify them to family level, thus increasing the information base from which taxonomic 
proportions were determined (Appendix D).
Selection of an analytical unit
In the process of analysing any excavated material it is necessary to firmly establish the 
analytical units to be employed. However, the sedimentary sequence of GUM30 meant that 
the choice of an analytical unit was no simple matter. Owing to the massive differences in the 
amount of sediment and broad spans of time covered by each SU, I felt the use of SUs as 
analytical units would not have adequately identified temporal trends. Rather, XUs were 
selected for the purposes of data collation on the basis that, although they are arbitrary units 
and have no real meaning in depositional terms, it is possible to estimate the age of XUs using 
the depth age graph (Figure 7). As already stated, the rate at which XUs were formed in 
GUM30 may have differed significantly, therefore affecting the validity of comparisons 
between different XUs. The calculation of the amounts of faunal material accumulated per 
1000 years for each XU rectifies this problem by chronologically standardising the deposits 
within the XUs. I selected a 1000 year period because the relatively small quantities of some 
aspects of the faunal assemblage in GUM30 meant that the use of a 100 year period would 
have made the resultant figures so small that they would have been clumsy and difficult to use 
in statistical analysis.
Yet, I am hesitant to be too reliant on the ages interpolated from the depth-age curve given the 
possible inaccuracies associated with this method. This is not such a problem when dealing 
with large quantities of material such as the total grams of bone or landsnail, but when using 
smaller numbers such as the number of identified specimens from a particular taxonomic 
group, a miscalculation of 200-250 years may have a significant effect. Thus in order to 
assess chronological change in the faunal record, I followed the suggestion of Dr. Annie Ross
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and established a series of time units which are bracketed by a maximum of two interpolated 
dates identifying the beginning and concluding date of each period. The time units used 
throughout the course of this thesis are: Unit 1 (0-3100BP; XUs 1-34); Unit 2 (11,900- 
14/700BP; XUs 41-52); Unit 3 (15,800-19,300BP; XUs 53-56); Unit 4 (23,300-27,100BP; 
XUs 57-59); Unit 5 (29,700-32,000BP; XUs 60-63). These units all cover approximately the 
same amount of time and therefore they can be used to compare changes in the faunal 
assemblage per unit time. The choice of c.3000 year time units was based on the fact that 
3100BP was the last date before the possible early-mid Holocene stratigraphic break. 
Furthermore, the date of 3100BP is closely associated with the beginning of the late 
Holocene, a period of both archaeological and palaeoenvironmental significance. The use of 
3,000 year units also coincided well with other climatic changes in south-east Cape York, as 
will be discussed later. Table II illustrates the approximate timespan of each XU and the time 
unit in which each XU is placed.
Tab e II: Temporal positioning of each XU
XU Number of years per XU Time Unit XU Number of years per XU Time Unit
4 138 1 40 1589
7 51 1 43 275 2
10 39 1 46 358 2
13 125 1 49 294 2
16 156 1 52 137 2
19 42 1 55 1517 3
22 151 1 58 1824 4
25 127 1 59 1958 4
28 34 1 60 2618 5
31 77 1 61 660 5
34 66 1 62 898 5
37 622 63 742 5
Skeletal element representation rates and bone breakage rates are assessec only on the
XUs because these attributes showed so little variance (see Tables II and III). I determined 
that any further manipulation of these data was of little value. For the purposes of 
comparability with other evidence, the overall deposition rates of bone were calculated per 
100 years, as was the case with Figures 8-14.
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Thus, the aspects of the faunal assemblage assessed per unit time are weights of burnt bone 
and the proportions of the various taxonomic groups. Yet, as I analysed only every third XU 
between XUs 1-58, the exact faunal composition of every XU remains unknown.
Importantly, Figures 16,18, 20,22 and 24 demonstrate that the raw quantities of this group of 
faunal materials do not undergo any rapid or large-scale increases or decreases. The only 
exception to this pattern occurs between XUs 35-40, however, these XUs were excluded from 
the comparison of faunal material per unit time due to the uncertainties regarding their dating 
sequence. In the other XUs, the relatively stable rate of alterations in the representation of 
burnt bone and the proportions of taxonomic groups per XU led me to the assumption that the 
quantities of these faunal materials in the unanalysed XUs would be very similar to those 
obtained from the closest analysed XU.
Although this is a large assumption, it must be recognised that it is based on information 
obtained using systematic sampling whereby just over one third of the XUs in question were 
assessed. The use of sampling on such a relatively large scale and the fact that the weight of 
burnt bone and the proportions of different taxa in GUM30 appear to change gradually 
demonstrates the logic behind this assumption. While I do not suggest that the information 
produced using this method will be exactly correct, it is important to recognise that I am 
focussing on proportional rather than numerical change. Thus, a slight increase or decrease in 
the assumed values will not greatly alter the proportional comparison between time units. 
Conversely, if the assumed values are incorrect by a very large margin, it would obviously 
affect my findings. However, the gradual nature of faunal change between the large sample 
of assessed XUs indicates that this eventuality is unlikely. Furthermore, the faunal evidence 
is compared in terms of raw values per X U , values per 1000 years per XU and values per 
time unit in order to demonstrate that the representation of the faunal indices per time unit is 
relatively consistent with that produced by other methods. For these reasons, I believe that I
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am justified in using this method to calculate the quantities of burnt bone and the proportions 
of different taxonomic groups per time unit.
Quantification of the faunal assemblage
In order to obtain meaningful data from the assessment of the faunal assemblage it is 
necessary to quantify the measurements made on the cranial and post-cranial bones. The 
measurement and identification of individual specimens is essential as these nominal level 
evaluations detect the variation between categories, therefore allowing the separation of the 
faunal assemblage into its constituent groups (Lyman 1994:98). However, this thesis aims to 
discuss environmental and cultural change through time and it is therefore necessary to 
employ a form of measurement that can assess chronological variation within kinds. Ordinal 
level measurements such as minimum number of individuals (MNI) and number of identified 
specimens (NISP) provide the necessary means to describe comparative data such as rank 
orders and degrees of magnitude (Lyman 1994:98). Minimum number of skeletal elements 
(MNE) and minimum number of animal units (MAU) measurements can also be used to 
quantify faunal assemblages but these techniques require a large sample and are primarily 
aimed at detecting variation in patterns of human butchering strategies and use of animal 
resources (Lyman 1994:105). For these reasons I elected not to use MNE or MAU and 
therefore it is unnecessary to describe them in detail.
Minimum Numbers of Individuals (MNI)
MNI measurements calculate “...the minimum number of individual animals necessary to 
account for some analytically specified set of identified faunal specimens...” (Lyman 
1994:100). Consequently, all animals included in MNI counts are entirely independent of 
each other, giving it an advantage over the use of the NISP method (Grayson 1984:28). 
However, the definition of MNI dictates that these values are calculated within an aggregation
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unit determined by the analyst and which may vary according to the aims of the study. This 
introduces a major problem to the application of MNIs, because changes in the type of 
aggregation unit directly alter the relative taxonomic abundances generated from MNIs in 
such a way that the larger the aggregation unit, the smaller the MNI (Grayson 1984:30). As a 
result, the nature of the data generated by MNI measurements is dependent on the choice of 
aggregation unit. Furthermore, the MNI method calculates the smallest possible number of 
animals that can account for the faunal material present in a site and thus generally 
underestimate the actual number of animals in the assemblage (Grayson 1979:221). For this 
reason, MNI counts require a relatively large sample to be statistically justifiable and are 
significantly reduced when conducted on assemblages with a high degree of breakage (Klein 
& Cruz-Uribe 1984:33; Grayson 1984:50; Marshall & Pilgram 1993:267). Given the 
relatively small number of identified specimens from GUM30 and the positive aspects of the 
NISP technique, I elected not to use the MNI technique as a means of quantification.
Number of Identified Specimens (NISP)
NISP calculations involve simply counting the number of bones belonging to each specified 
taxon within an analytical unit. This method has been widely criticised for a number of 
reasons, all of which relate to its failure to account for interdependence amongst faunal 
specimens (Grayson 1984:21). Consequently, variation in bone breakage patterns may 
artificially alter NISP values so that, to a certain degree, increased bone fracturing may result 
in elevated NISP measurements (Grayson 1979:201; Grayson 1984;25, Marshall & Pilgram 
1993:262). In addition, NISP counts do not differentiate between the number of specimens 
provided by a single articulated skeleton and the number of specimens calculated from a 
group of disarticulated skeletal elements of the same type that could not have come from the 
same animal (Grayson 1984:25).
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Importantly, the above criticisms relate to the issue of independence. It is therefore essential 
to note that mathematical examinations of the intrasite variations between MNI and NISP 
counts from a number of sites discovered that, for “ ... any given fauna, MNI values can 
normally be tightly predicted from NISP counts.” Given that MNI values include only 
independent specimens, this mathematically predictable relationship between NISP and MNI 
demonstrates that NISP counts provide a reliable reflection of species abundance despite their 
failure to recognise specimen interdependence (Grayson 1984:62-63). Therefore, as long as 
NISP counts are not assumed to represent numbers of whole animals present in a site there is 
no reason why they cannot be used to assess relative species abundance. This fact is 
particularly relevant because I am interested in assessing only the presence and relative 
proportions of taxa. Furthermore, the NISP method has a distinctive advantage over the MNI 
strategy in that it is not influenced by the effects of alterations in aggregation unit and is 
extremely suitable for the analysis of small samples. Thus, within the context of this study, 
NISP counts were employed as the most appropriate unit of quantification.
Calculation of NISP per time unit
Owing to the relatively small size of the GUM30 assemblage, the comparison of NISP values 
for each species on a per XU basis does not provide any substantial evidence of change, as 
demonstrated by the NISP counts recorded in Table V. For this reason, I followed Grayson 
(1984) in grouping individual species into larger taxonomic groups. On the basis that 
macropods are more commonly preyed upon by humans than other animals I calculated the 
proportions of macropods in each different analytical unit (David 1984a:40). Similarly, as 
rodents are more likely to represent the prey of small carnivorous mammals and avian 
predators, I also determined the proportions of murids (rodents) in each analytical unit (Balme 
et al. 1978:52; Bowdler 1984:63). The variation within these two counts is intended to
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provide information as to whether the bone deposited in GUM30 at different times was the 
result of human or animal activity.
Finally, I examined the habitat range of each of the identified species and used the resultant 
information to establish the grassland and open forest/woodland taxonomic groups, both of 
which are described in more detail in the following chapter. The examination of the NISP 
counts for these two groups of animals was undertaken to gain insight into the prevailing 
environmental conditions at different periods during Hay Cave’s past.
Statistical analysis
On the advice of Dr. Tom Loy, I elected to use Gutmans’s coefficient of predictability to 
statistically compare the differences within macropod and murid NISP counts in each time 
unit. This statistical technique calculates the degree of association between variables and 
determines the accuracy of using the known value of one variable to estimate the proportions 
of another unknown variable. Coefficients of predictablity have a possible range of 0-1.0, 
such that, the higher the numerical value of the coefficient, the greater the degree of 
association between the variables.
As grassland and open forest/woodland environments regularly co-exist, it cannot be assumed 
that open forest/woodland and grassland animal taxa are independent entities as shown by the 
fact that P.grácilicaudatus is included in both of these taxonomic groups. For this reason, 
both Gutman’s test and the chi-square test were inapplicable in this case (Pagano 1986:390).
I therefore returned to Dr. Loy’s original suggestion that the t-test, or Student’s test assuming 
unequal variances was the most relevant statistical method in this situation. Unfortunately, 
this technique does not allow for the comparison of single values, thus discounting the 
possibility of comparing faunal proportions between time units as such. Approximations of
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NISP values in the unanalysed XUs were undertaken only to gain an estimate of the 
proportions of animal taxa within each broader time and consequently I do not feel that these 
estimated NISP counts can be used individually in statistical comparisons. Rather, I elected 
to use the NISP per 1000 years per XU values for the purpose of statistical analysis within the 
grasslands and open forest/woodlands taxonomic groups.
Assessment of sedimentation rates
In order to express sedimentation as a rate rather than just a single number, I assessed the 
volume of sediment deposited per 1000 years in each time unit. The assessment of volume of 
sediment per unit time accounts for the likelihood that sediments may have undergone varying 
degrees of compaction, a consideration which is very important given the identification of 
matrix compaction in SUIII.
Conclusion
The sample types, measurable attributes, analytical units and quantification methods used in 
this thesis were selected because they constitute an affective means with which to examine 
chronological changes in the faunal assemblage to gain insight into past cultural and 
environmental patterns in the locality of Hay Cave. The particular characteristics of the 
bones, teeth and jaws from GUM30 dictated that conventional techniques were not always 
applicable, especially in regards to skeletal element categories and the use of acid-bathing on 
concreted material. Similarly, the inconsistent pattern of sedimentation within GUM30 meant 
that simple comparisons of taxonomic proportions were not applicable and necessitated the 
development of larger units within which to describe the depositional patterns of different 
aspects of the faunal assemblage. However, each method of analysis was employed for 
logical and sound reasons and was used to produce the results described in the following 
chapter.
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CHAPTER 6: RESULTS 
Introduction
This chapter details the results of the GUM30 faunal analysis and highlights patterns in the 
data. Sedimentation rates within each time unit are determined, as is the rate of overall bone 
deposition. Fragmentation rates and skeletal element proportions amongst post-cranial bone 
are also described, followed by a presentation of the data regarding the colouration of bone 
and dental elements. In summarising the results of the taxonomic identifications, details are 
given in respect to the range of species present in GUM30. This information is then 
quantified and expressed in terms of the proportions of macropods, murids, grassland animal 
taxa and open forest/woodland animal taxa present within the deposit.
General information
The GUM30 faunal assemblage contains 961.9g of post-cranial bone, teeth and jaws. The 
post-cranial assemblage is composed of 16,693 individual pieces of bone. It was noted that 
surface markings were apparent on a very small proportion of bones in XUs 52-58. However, 
I was unable to determine whether these were animal bite-marks, butchering scars or 
scratches created by the use of tweezers during the initial sorting process. For this reason, the 
presence of such marks is not discussed any further.
Sedimentation rates
In conjunction with the faunal analysis, the rate at which sediments accumulated in GUM30 
was also assessed. Sedimentation rates for each of the time units described in the preceding 
chapter are as follows:
Unit 1: 53.0 L/1000 years. Unit 3: 5.3 L/1000 years Unit 5: 6.5 L/1000 years
Unit 2: 30.7 L/1000 years Unit 4: 4.1 L/1000 years.
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In Unit 1 the rate o f sedimentation is almost twice that of Unit 2, which has the second- 
highest sedimentation rate within the deposit. Sedimentation in Unit 2 occurred 
approximately five times more rapidly than that of Unit 5, which in turn has a higher rate of 
sediment accumulation than Unit 3. Depositions of sediments were at their lowest rates in 
Units 3 and 4.
Rates of overall bone deposition
Figure 15 demonstrates that bone deposition rates undergo three progressively larger yet 
distinct peaks at 32,000-18,000BP, 15,000-12,500BP and C.3750-2500BP.
600
Figure 15: Deposition rate of bone
The changes in the rate of bone deposition throughout GUM30 generally conform to the 
overall trends revealed by the analysis o f other cultural indices (see Figures 8 to 12). The 
only major divergence from this pattern is the occurrence o f high bone deposition rates 
c.32,000-18,000BP, a period in which levels o f other cultural indices are quite low. Also, 
although secondary peaks in the proportions o f  all indices take place between 15,000- 
12,500BP, the increase in the quantities of bone per m2 per 100 years during this period is o f a 
far greater magnitude than that o f other materials associated with human activity.
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Rates of post-cranial bone fragmentation
The post-cranial bone in GUM30 demonstrates a very high degree of fragmentation, as is 
evident in Table III. In 20 of the 24 XUs analysed more than 90% of post-cranial bone pieces 
are smaller that 15mm and the rate of bone fragmentation is under 75% only in XU40.
Table HI: Percentage per XU of bone fragments under 15mm
XU % of bone fragments <15mm XU % of bone fragments <15mm
4 93.0 40 66.0
7 95.3 43 97.1
10 90.7 46 81.3
13 88.9 49 94.6
16 93.4 52 92.2
19 88.9 55 96.9
22 92.2 58 94.1
25 93.2 59 99.3
28 95.5 60 97.5
31 95.4 61 97.4
34 96.8 62 98.9
37 96.7 63 100
Skeletal element frequencies
Examination of skeletal element frequencies reveals very little variation between the XUs of 
GUM30. Within each XU, limb bones are by far the most commonly identifiable type of 
post-cranial bone, as demonstrated in Table IV. My definition of limb bone potentially 
includes long bones as well as other skeletal elements such as metacarpals, metatarsals and 
phalanges. Given the high degree of bone breakage within GUM30, many of the analysed 
bone pieces were too incomplete to be identified specifically and could only be placed within 
the somewhat generic limb bone classification, therefore explaining the high representation of 
this bone type.
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Table IV: Skeletal element frequencies
XU
% of unidentified 
skeletal elements
% of most commonly 
identified skeletal element XU
% of unidentified 
skeletal elements
% of most commonly 
identified skeletal element
4 74 Limb 21.7 40 59.6 Limb 35.4
7 85.2 Limb 9.8 43 56.3 Limb 39.2
10 72.6 Limb 23.9 46 57.5 Limb 38.9
13 71.1 Limb 26.7 49 72.2 Limb 22.6
16 78.5 Limb 19 52 53.6 Limb 43.4
19 75 Limb 23.4 55 65.1 Limb 29.1
22 76.2 Limb 21.3 58 53.9 Limb 41.5
25 77.9 Limb 20.3 59 64.1 Limb 30.2
28 71.6 Limb 26.5 60 64.1 Limb 31.8
31 66.6 Limb 31.1 61 61.2 Limb 34.5
34 61.8 Limb 36.2 62 51.7 Limb 46
37 63.3 Limb 35 63 78.9 Limb 21.1
However, the most striking result from the examination of skeletal element representation 
rates is the high proportion of post-cranial bones that cannot be identified to skeletal element. 
This is almost certainly related to the very high degree of bone breakage described in the 
preceding section. Although teeth and jaws were not included in considerations of skeletal 
element frequency, on purely qualitative grounds I suggest that they comprise a significant 
proportion of the assemblage. This is not surprising given that small, compact skeletal 
elements such as teeth are less susceptible to breakage than other large and less dense bones 
(Lyman 1994:235-236).
Bone colouration
The examination of bone colouration reveals that calcined bone is present in almost every XU 
in GUM30, with the exception of XUs 10-19 and 62-63. Figure 16 shows that raw calcined 
weights rise to a major peak in XUs 58-60 and are also high between XUs 31 -34. However, 
when rates are adjusted for temporal variation between XUs (Table V), quantities of calcined
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bone in the lower XUs of the site are diminished, and the proportions of calcined bone in XUs 
28-34 and 46-52 become more prominent.
E x c a v a t i o n  U n i t
I El Calcined bone ■  Carbonised bone 
Figure 16: Weights of carbonised and calcined bone per XV
Table V: Weights of calcined and carbonised bone deposited per 1000 years per XU
XU Calcined
Bone
g/1000yrs
Carbonised
Bone
g/1000yrs
XU Calcined
bone
g/1000yrs
Carbonised
bone
g/1000yrs
4 0.7 6.5 43 8.4 7.6
7 2.0 9.8 46 21.2 14.3
10 0 12.8 49 31.6 91.5
13 0 0.8 52 53.4 111.0
16 0 0 55 5.7 16.8
19 0 0 58 7.3 58.3
22 0.7 4.0 59 14.1 30.7
25 5.5 26.0 60 7.9 23.0
28 35.3 26.5 61 3.5 19.2
31 107.8 55.8 62 0 4.7
34 269.7 106.1 63 0 0.8
37 0.8 0.2
This period of significant calcined bone deposition in XUs 46-52 forms part of Unit 2 which, 
in turn, contains the greatest amount (77.3g) of calcined bone per unit time (Figure 17). In 
contrast, although XUs 28-34 contain high proportions of calcined bone, the weights of
80
calcined bone in other XUs in Unit 1 are relatively low and thus this unit has only the second 
highest quantity (67. lg) of calcined bone per unit time. Time Unit 4 also contains a 
comparatively high weight of calcined bone (54.2g), as would be expected given the rate of 
deposition of calcined bone in XUs 58-59. In contrast, Unit 3 (34.7g) and Unit 5 (23. lg) 
contain the second lowest and lowest calcined bone weights per time unit respectively.
As discussed in Chapter 4, the presence of calcined bone within a site has significant 
implications regarding human activity and consequently these results will be examined in 
detail in the following chapter.
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HCalcined bone ■Carbonised bone
Figure 17: Weights of calcined and carbonised bone per time unit 
Outcomes of taxonomic identifications
The total number of skeletal elements identified to a taxonomic level was 452, of which the 
majority were teeth and jaws. Amongst the identified elements it was possible to distinguish 
seven genera including 22 species (see Table VI). The current distribution and habitat 
preferences of each of these taxa are now discussed.
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Family Macropodidae
The four species of macropod identified from GUM30 are Macropus agilis (agile wallaby),
M. giganteas (eastern grey kangaroo), M. parryi (whiptail wallaby) and M. robustus (common 
wallaroo). Although not a single species, rock wallabies of the genus Petrogale are also 
included in this discussion because of their prevalence within the assemblage. Macropods are 
the second most frequently identified taxonomic group in GUM30, with 166 of the identified 
specimens belonging to this family.
The largest of the macropods identified within GUM30 are M  giganteus and M. robustus. M. 
giganteas is commonly found along the east coast of Australia and occupies an extremely 
wide range of habitats varying from semi-arid mallee scrub to woodland and forest (Poole 
1995a:335). The number of different environmental niches in which this animal may dwell 
implies that its presence at Hay Cave does not provide useful information regarding 
environmental change. However, it is interesting to note that M.giganteus is not found among 
the limestone outcrops. M. robustus similarly has a massive distribution across almost all of 
Australia, inhabiting a very wide range of ecological zones (Poole 1995b:347; Ride 1970:44).
M  parryi and M. agilis are medium-sized macropods that occupy similar habitats. Currently, 
M. agilis is present along the Queensland coast from Bundaberg to Cape York and across the 
Northern Territory coastline into the Kimberley region of Western Australia. Open forest and 
adjacent grassland territories in close proximity to water are the preferred habitat of the agile 
wallaby (Merchant 1995:322; Ride: 1970:46). The modem distribution ofM  parryi 
encompasses the east coast of Australia from Cape York down into northern New South 
Wales. Its habitat niche typically consists of hilly country containing open forests with a 
limited understorey (Johnson 1995:345).
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Table VI: Number of Identified Specimens in GUM30
□  □ E x cav a tion
U nit
T ax on 1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 59 60 61 62 63
M acropus ag ilis 2 1 1 2 1 2 1
M acropus giganteus 1
M acropus parryi 1 1 1 2 5
M acropus robustus 1 1 1 2 1
Petrogale sp. 1 7 5 7 5 2 4 5 3 3 12 18 16 12 3
M acro p o d  (species unkn o w n ) 1 1 3 1 4 3 4 1 1 6 8 8 1 2
Trichosurus vulpecula 1 1 1 2
P etaurus norfolcensis 2
Isoodon obesulus 1 1
Isoodon m acrourus 1 1
Peram eles nasuta 1 1
B ettongia tropica 1 3
D asyurus hallacatus 1 1
D asyurid  sp. 1 1
P hascogale tapoatafa 1
P hascogale sp. 1
Sm inthopsis m urina 2 1
C onilurus pen icilla tus 1 2 3 1
M esem brioys gouldii 1
Uromys caudim aculatus 1
R attus tunneyi 1 2
R attus sp. 1 8 1 1 2
M elom ys burtoni 1 1 1
Zyzom ys argurus 1
P seudom ys gracilicaudatus 2 2 1 4 2 10 9 3 1 1
P seudom ys pa triu s 1
P seudom ys sp ill 1 1 1 1 1
M urid  (spec ies  unk n o w n ) 1 3 1 2 3 4 3 4 7 39 72 24 13 1
Tiliqua scincoides 1
Petrogale sp. are the smallest o f the macropods present in the deposit. Unfortunately, it is 
extremely hard to distinguish between different species o f rock wallabies on the basis o f 
dental remains. In general, rock wallabies favour the type o f exposed and rocky environment 
provided by the karst outcrop in which Hay Cave is situated, perhaps explaining their 
frequency in the deposit.
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Ethnographie documentation regarding the traditional owners of the Hay Cave, the Kuku 
Yalanji people, makes reference to their participation in communal wallaby hunts which can 
involve up to 100 people and may result in the capture and consumption of many animals 
(Morwood 1995:37). These hunts typically occur at the end of the dry season and 
demonstrate that macropods provided an economically valuable source of food.
Family Potoroidae
The potoroo family is represented in GUM30 by one species only, the northern bettong 
(Bettongia tropica). This animal is currently fairly rare, and has been recorded only on the 
Lamb Range east of Mareeba and the Mount Windsor Tableland west of Mossman, both of 
which are in northern Queensland. In these regions, B. tropica primarily dwells in treed 
environments, inhabiting a variety of grassy open forests and woodland types including those 
populated by eucalypt species (Winter & Johnson 1995:294).
Family Phalangeridae
The common brushtail possum, Trichosurus vulpecula, is the only member of the 
Phalangeridae family found in GUM30. This species is present throughout the majority of 
Australia with the exception of parts of Western Australia and the tip of Cape York. It 
primarily occupies open forest and woodland habitats in which hollow trees are available for 
nesting (How & Kerle 1995:273).
Family Petauridae
The squirrel glider (Petaurus norfolcensis) is similarly the only representative of its family 
identified during my study. It is a small possum that is currently distributed along the coast of 
Queensland and New South Wales as well as parts of inland Victoria. It typically occupies
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dry sclerophyll forest and woodland (Ride 1970:80) although it can also inhabit coastal forest 
and some wet forest areas close to rainforests (Suckling 1995:234).
Family Peramelidae
This family of small marsupials was identified in GUM30 in the form of Perameles nasuta, 
lsoodon macrourus and I. obesulus, all of which are represented by a limited number of 
species. P. nasuta, the long-nosed bandicoot, is currently common along the east coast of 
Australia from Victoria, through New South Wales and along most of the Queensland coast. 
Its habitat varies greatly, encompassing rainforest and woodland as well as areas lacking in 
ground cover (Ride 1970:100; Stodart 1995:184).
The presence of I. macrourus (northern brown bandicoot) has been recorded from the 
northern coast of New South Wales up the Queensland coast and across to Arnhem Land in 
the Northern Territory. I. macrourus typically inhabits areas with low ground cover, be it in 
treed or completely open vegetation zones (Gordon 1995:174; Ride 1970:96).
The southern brown bandicoot (1. obesulus) is currently found in coastal New South Wales, 
southern Victoria, south-eastern South Australia, south-western Western Australia and the 
northern tip of Cape York. This animal prefers areas of good ground cover in a variety of 
vegetation contexts (Ride 1970:96).
Family Dasyuridae
Three species of the family Dasyuridae were found in low quantities in GUM30: Dasyurus 
hallacatus; Phascogale tapoatafa; and Sminthopsis murina. D. hallacatus is commonly 
known as the northern quoll and is found in the Hamersley Range and north Kimberley of 
Western Australia as well as the northern and western areas of the Northern Territory, and the
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tip of Cape York, the Atherton Tablelands and the Camavon Range in Queensland. Within 
these areas this cat-sized animal occupies most treed habitats, although it is most common in 
rocky zones and eucalypt forests within 150km of the coast (Braithwaite & Begg 1995:65).
The brush-tailed phascogale, P. tapoatafa is currently present in south-western and north­
eastern Western Australia, the northern area of the Northern Territory, the tip of Cape York 
and from the south-eastern comer of Queensland into New South Wales and parts of inland 
Victoria (Soderquist 1995:104). It is highly arboreal and occupies a range of forest habitats 
including rainforest, sclerophyll forest, woodland and savannah woodland (Ride 1970:112).
5. murina (common dunnart) is widely distributed across south-eastern Australia and parts of 
north-eastern Queensland. It generally occupies woodland, open forest and heathland 
although it can also be found in rainforest transitional zones (Fox 1995b: 150).
Family Muridae
The murid family is the source of nine of the 22 identified species in GUM30 and is the most 
common taxonomic group, accounting for 246 of the 452 taxonomic identifications. Muridae 
are a rodent sub-family and generally do not feature in ethnographic records of Aboriginal 
dietary activities (Balme et al. 1978:52). In GUM30 the identified murid species are:
Conilurus penicillatus; Mesembrioys gouldii; Uromys caudimaculatus; Rattus tunneyi; 
Zyzomys argurus; Melomys burtoni; Pseudomys grácilicaudatus; Pseudomys patrius; and 
Pseudomys sp#l.
C. penicillatus, Me. gouldii and U. caudimaculatus are all species of tree-rat. C. penicillatus, 
the brash-tailed tree rat, is currently found in the north-eastern tip of Western Australia and 
along the coastline of the Northern Territory and surrounding islands. It shows a preference
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for open eucalpyt forest and woodland, especially those which include Casuarina and 
Pandanus trees and have a grassy understorey with limited shrub growth (Kemper 1995:553; 
Watts & Aslin 1981:133).
Me. gouldii (black-footed tree rat) is a very large rat with a modem distribution that covers the 
coastline of the Northern Territory, a portion of north-eastern Western Australia and the area 
between the tip of Cape York and Atherton in Queensland. It typically occupies areas of open 
eucalypt forest and woodland that have a fairly open understorey (Friend & Calaby 1995:124; 
Watts & Aslin 1981:124).
The great white-tailed rat ( U caudimaculatus) is also very large in size and is found along the 
Queensland coast between Townsville and Cape York and on several islands off the coast of 
Queensland (Moore 1995:640; Watts & Aslin 1981:91). Its habitat of choice consists of 
rainforest and closed sclerophyll forest, however it can also occupy open forests and 
woodlands that border on closed forests and creeks (Watts & Aslin 1981:91). At low 
elevations it may be present in more open areas including Melaleuca forests and mangroves 
(Moore 1995:638).
‘True’ rats are represented in GUM30 by two species. Rattus tunneyi (pale field rat) is 
currently present in the coastal zones stretching from Port Headland in Western Australia, 
across the Northern Territory and into Queensland and northern New South Wales. It 
occupies areas of tall grassland which may be present within the confines of an open forest 
and are usually close to a watersource (Braithwaite & Baverstock 1995:662-664; Watts & 
Aslin 1981:133). The common rock-rat (Zyzomys argurus) has a modem distribution centred 
around the Pilbara and Kimberley regions of Western Australia, Arnhem Land in the Northern 
Territory and the coastal region between Cooktown and Townsville in Queensland (Fleming
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1995:620; Watts & Aslin 1981:138). Providing that rocky outcrops are present, it can occupy 
a range of ecological zones (Fleming 1995:620).
Melomys burtoni (grassland melomys) is the only species of this genus identified within the 
studied assemblage. It is currently found on the east coast of Australia from northern New 
South Wales through to the tip of Cape York and is also present along the coast of the 
Northern Territory and north-east Western Australia. It is somewhat varied in its habitat 
preferences, occupying tall coastal grassland, sedgeland, woodland, open forest and degraded 
grassy areas within rainforests (Kerle 1995:632&633; Watts & Aslin 1981:84-85).
Three species of ‘false miee'(Pseudomys) were identified in the deposit. P. grácilicaudatus 
(eastern chestnut mouse) has a modem distribution which encompasses the east coast of 
Australia from Townsville inland to Emerald in Queensland and south to Gosford in New 
South Wales (Watts & Aslin 1981:180). Within these areas, P.gracilicaudatus is found in 
areas of thick grassland within the confines of open forest and woodland environments (Fox 
1995a:601; Watts & Aslin 1981:180).
P. patrius is another name for the species P. delicatulus (delicate mouse), an animal that is 
found along the coastline of Australia from Port Headland in Western Australia to Bundaberg 
in Queensland (Ride 1970:154; Watts and Aslin 1981:187). Its typical habitat is one of light 
soils which are host to limited vegetation in the form of shrubs, grasses and stunted trees. 
However, it can also occupy low woodland and tall open shrubland, thus demonstrating a 
degree of environmental variability (Watts & Aslin 1981:188).
The final Pseudomys species is referred to as P. sp#l, a grouping that was established by Dr 
Steve van Dyck on the basis that a number of Pseudomys specimens from GUM30 appear to
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be from the same species but do not match any of the samples within the rodent reference 
collection. P. sp.#l could possibly be a species of mouse that is now extinct, however further 
testing is necessary to confirm this suggestion (van Dyck pers. comm. 1999).
Family Scincidae
The only reptile in the assemblage that was identified to species level is Tiliqua scincoides 
(common blue-tongue lizard). This animal is the largest of the Australian skinks and is found 
in almost the entire range of environmental conditions throughout eastern and northern 
Australia, with the exception of areas at high altitudes and those which experience humid 
conditions (Worrell 1963:61).
On the basis of this combined information, I identified two habitat specific taxonomic groups 
in GUM30: open forest/woodland animals; and grassland animals. P.gracilicaudatus and 
RJunneyi form the grassland group while the open forest/woodland group is composed of
P.gracilicaudatus, M.agilis, M.parryi, T.vulpecula, C.penicillatus, B.tropica and Me.gouldii.
Quantification of the faunal assemblage 
Macropod NISP
Figure 18 demonstrates that macropod remains are present in every XU of GUM30 with the 
exception of XUs 1, 16-22 and 63. The greatest raw numbers of macropod specimens occur
between XUs 55-60.
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Figure 18: Raw macropod NISP
Yet, when macropod NISPs are calculated per 1000 years/XU (Table VII) the representation
of these animals in XUs 55-60 is significantly diminished. In contrast, the relatively high
macropod proportions in XUs 25-34 and 43-52 are represented by a peak in macropod
deposition rates.
Tab e VII : Macropod and murid NISPs per 1( 00 years per XU
XU Macropod 
NISPs/1000 yrs
Murid
NISPs/1000 yrs
XU Macropod 
NISPs/1000 yrs
Murid
NISPs/1000 yrs
4 14.5 0 40 1.3 3.1
7 19.6 0 43 29.1 14.5
10 25.6 25.6 46 30.7 14.0
13 8 8 49 34.0 34.0
16 0 0 52 43.8 21.9
19 0 0 55 9.9 2.6
22 0 0 58 15.9 5.5
25 70.9 0 59 12.8 30.1
28 205.9 0 60 8.0 33.6
31 116.9 0 61 6.1 47.0
34 136.4 45.5 62 2.2 21.2
37 1.6 0 63 0 6.7
As these major increases in macropod NISP/1000 years/XU occur within Units 1 and 2 it is 
therefore not surprising that Unit 1 contains the highest proportion of macropods (108), with 
this value falling only slightly to 101 in Unit 2 (Figure 19). Unit 4 also contains relatively
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high proportions of macropods (83) whereas Unit 3 has the second lowest (51) macropod 
NISP. The low concentrations of macropod N1SP/1000 years/XU in XUs 60-63 is mirrored 
by the fact that Unit 5 contains the smallest number of macropod specimens per unit time.
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Unit 1 (0-3100BP) Unit 2 (11,900-14,700BP) Unit 3 (15,800-19,300BP) Unit 4 (23,300-27,100BP) Unit 5 (29,700-32,000BP)
Time Unit
Figure 19: Macropod NISP per time unit 
Murid NISP
Figure 20 reveals that raw murid NISP counts peak between XUs 58-62 and are relatively 
small throughout the other XUs so that, with the exception of XU13, murids are absent from 
GUM30 between XUs 1-31. The large numbers of murid specimens in the lower units of the 
site are reflected by the consistently high murid NISP/1000 years/XU values for XUs 59-61 
(Table VII). When distributions are measured in broader time periods Unit 5 consequently 
hosts the largest number (143) of identified murid remains per unit time (Figure 20). The 
relatively high murid NISP/1000 years/XU in XUs 58-59 is similarly reflected by the fact that 
Unit 4 contains the second highest quantity of murid specimens per unit time. The 
proportions of murids then undergo a significant decline to reach their second lowest value 
(15) in Unit 3. Following this period a minor resurgence in murid proportions in XUs 43-52 
results in Unit 2 presenting the third highest number of murid specimens (68). Again, there is 
a direct link between the very low number of murid specimens per unit time in Unit 1(12) 
and the fact that these animals are virtually absent between XUs 1-34.
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Excavation Unit
Figure 20: Raw murid NISP
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Unit 1 (0-3100BP) Unit 2 (11,900-14,700BP) Unit 3 (15,800-19.300BP) Unit 4 (23,300-27,100BP) Unit 5 (29,700-32,000BP)
Time Unit
Figure 21: Murid NISP per time unit
Statistical analysis of macropod and murid proportions
When murid and macropod NISPs are assessed per time unit using Gutman’s coefficient of 
predictability, the comparison between Unit 1 and Unit 5 produces a coefficient of 0.6941. 
This demonstrates that there is a high degree of association between the proportions of 
macropods and murids within these two time units. In simple terms, when murid 
concentrations are low, macropod concentrations are high and vice versa. In contrast, 
comparisons between other units based on murid and macropod NISPs and using Gutman’s
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method resulted in coefficients of predictability that were under 0.5, and thus are not 
statistically significant.
Open forest/woodland taxa NISP
The raw NISP counts for open forest/woodland taxa shown in Figure 22 demonstrate that 
large numbers of these specimens were present during the early period of Hay Cave’s 
deposition. However, as with calcined bone and macropod NISPs, when the deposition rates 
of open forest/woodland taxa are calculated as rates of deposition per 1000 years for each XU 
(Table VIII), this peak is greatly diminished. Rather, it becomes apparent that such animals 
were well represented in XUs 25-34 and XUs 46-55. When NISP/1000 years/XU values are 
compared between the time units, the differences in the proportions of open forest and 
woodland animal taxa are not statistically significant at the 0.05 level of probability.
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Figure 22: Raw open forest/woodland animal taxa NISP
Figure 23 demonstrates that due to the high values of open forest/woodland taxa present in 
XUs 25-34, Unit 1 contains the second greatest number of identified open forest/woodland 
specimens per time unit (27), a distinction that is shared with Unit 4. The consistently large 
open forest/woodland taxa raw NISPs and NISP/1000 years/XU in XUs 46-52 results in Unit 
2 featuring the peak value of 43 open forest/woodland specimens. In contrast, Unit 3 has the
of
 Id
en
tif
ie
d 
Sp
93
smallest representation of these animals per unit time, containing only 9. Following the 
increase in total open forest/woodland animal taxa NISP in Unit 4, there is no major change in 
the proportions of these animals, with Unit 5 containing a total of 21 open forest/woodland 
animal specimens.
Table Vili: Open forest/woodland and grassland animal taxa NISP/1000 years per XU
XU OF&W/1000yrs Grassland/1 OOOyrs XU OF&W/l OOOyrs Grassland/1 OOOyrs
4 7.25 0 40 1.9 1.3
7 19.6 0 43 5.0 7.3
10 0 0 46 11.2 2.8
13 0 0 49 17.0 17.0
16 0 0 52 21.9 0
19 0 0 55 1.3 0
22 0 0 58 3.8 1.1
25 23.6 0 59 6.6 5.1
28 58.8 0 60 3.8 4.2
31 13.0 0 61 7.6 4.5
34 45.5 0 62 4.5 1.1
37 0 0 63 2.7 1.3
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Unit 1 (0-3,100BP) Unit 2 (11,900-14,700BP) Unit 3 (15,800-19,300BP) Unit 4 (23,300-27,100BP) Unit 5 (29,700-32,000BP)
Time Unit
Figure 23: Open forest and woodland animal taxa NISP per time unit
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Grassland taxa NISP
Figure 24 reveals that grassland animal taxa are absent from XUs 1-37 and 52-55. The raw 
NISP counts for this taxonomic group therefore have a bimodal distribution, with a minor 
peak occurring between XU40-49 and a major peak present between XU58-61. When 
proportions of grassland animal taxa are calculated as NISP/1000 years by XU (Table VII), 
values in XUs 59-61 and 43-49 remain relatively high. At the 0.05 level of probability, the 
variation between the grassland taxa NISP/1000 years by XU values is not statistically 
significant when compared between any of the time units.
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Figure 24: Raw grassland animal taxa NISP
The number of grassland animal taxa specimens reaches its highest value per unit time in Unit 
2 (27) (Figure 25), an occurrence which is predictable given the high raw NISP counts and 
deposition rate for grassland animal taxa in the XUs which compose this unit. Grassland 
animal taxa are also evident in quite high proportions in Units 4 and 5 which contain a total of 
14 and 16 of these animals respectively. In contrast, the absence of grassland animal taxa in 
XUs 1-34 and XU55 implies that this taxonomic group was also not present in Units 1 and 3.
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Figure 25: Grassland animal taxa NISP per time unit 
Summary of the evidence relating to human activity
Unit 1 (3100-0BP) has the fastest rate of sedimentation and contains peak concentrations of 
macropod specimens per unit time. Calcined bone weights are at their second highest level 
during this period, whilst murid NISPs per unit time are at their lowest levels.
Unit 2 (14,700-11,900BP) has a rate of sediment accumulation second only to that of Unit 1. 
It contains the greatest weight of calcined bone and has the second largest quantity of 
macropod skeletal remains per time unit. In this unit, the proportions of murids are at their 
third highest levels.
Unit 3 (19,300-15,800BP) has the second lowest values for calcined bone weight and murid 
and macropod NISPs per unit time. The rate of sedimentation is also comparatively slow.
In Unit 4 (27,100-23,300BP), the proportions of murid per unit time are at their second- 
greatest level. Macropod NISPs and the weight of calcined bone in this time unit are both at 
approximately median values. Finally, Unit 4 has the slowest rate of sedimentation.
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Unit 5 (29,700-32,OOOBP) has the smallest values for macropod NISP per unit time and 
calcined bone weight and the rate of sedimentation is also low. In contrast, Unit 5 contains 
the greatest proportions of murid specimens.
Conclusion
The examination of the GUM30 faunal assemblage has produced a large quantity of 
information, some of which follows similar trends, particularly in the case of evidence 
relating to human activity. There is an obvious association between the low number of 
identifiable skeletal elements and the very high degree of bone breakage. These two 
measurements do not indicate any significant temporal variation in the faunal assemblage.
The results of the analyses of sedimentation rates, macropod and murid NISPs and the 
weights of calcined bone serve to provide information relating to human use of Hay Cave. 
When these results are grouped on the basis of time units, significant trends begin to emerge. 
In particular, it is apparent that patterns suggestive of human activity are far more 
concentrated towards the top of the site (Unit 1) than the bottom (Unit 5).
The examination of proportions of open forest/woodland and grassland animal taxa reveals 
that variations in the representation of these taxonomic groups occur across different 
environmental periods. The most noticeable of these changes is the complete absence of 
grassland animal species in Units 1 and 3. The proportions of open forest/woodland taxa 
demonstrate that animals from vegetation communities of this type were present throughout 
GUM30’s deposition.
A discussion and interpretation of the implications of these results in relation to both 
archaeological and palaeoenvironmental patterns is presented in the following chapter.
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CHAPTER 7: DISCUSSION 
Introduction
In this chapter I examine the results of the faunal analysis in relation to both the human and 
environmental past of Hay Cave. This entails reviewing the potential problems underlying 
the faunal evidence and determining its value to the attempted reconstruction of cultural 
patterns at the site. Using the cumulative evidence approach, a variety of indices relevant to 
human activity are used to make inferences regarding changes in the intensities of site use at 
Hay Cave. The discussion of variation in the proportions of grasslands and open 
forest/woodland animal taxa present in the site also provides a means with which to examine 
the occurrence of climatic change at Hay Cave.
Sedimentation and bone deposition rates
It is necessary to recognise that although heightened sedimentation rates may reflect an 
increase in the intensity of site use, they also may be related to natural phenomena (Ross 
1985:85). Similarly, bone deposition rates do not differentiate between bone accumulated via 
human or animal agency and can be heavily influenced by other taphonomic processes. 
Importantly, as the soil pH remains constant at Hay Cave, the variation in the quantities of 
bone over time is not related to changes in acidity of the matrix. However, the use of 
sedimentation and bone deposition rates alone as the basis for inferences regarding intensities 
of site use is not acceptable, and therefore these sources of evidence will be discussed only in 
conjunction with other indices relating to human activity.
Bone colouration
Due to the semi-enclosed nature of Hay Cave, it is very unlikely that heavy fuel loads of logs 
and other flammable material could naturally accumulate on the cave floor (Les Bleakley
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pers. comm. 1999). Indeed, at the time of excavation, there were only limited amounts of 
plant debris present within the site (Lourandos pers. comm. 1999). Furthermore, as Hay Cave 
is situated five metres from the bottom of the karst tower and has an entrance that does not 
slope downwards into the cave mouth, it is highly improbable that calcined bone could have 
been washed into the site. The situation at Hay Cave therefore satisfies the conditions within 
which experimental evidence suggests that the presence of calcined bone is strongly linked to 
the use of anthropogenic fires (David 1990a:75). Consequently, the fact that calcined bone 
was recovered from all of the five time units suggests that human activity occurred at Hay 
Cave in each of these periods.
Yet, it is also essential to recognise that the weight of calcined bone alone should not be used 
to make inferences regarding the intensities of site use. The weight of a bone is dependent on 
its size and density and thus, the presence of a higher weight of calcined bone in an XU may 
not be a result of greater levels of fire use but may reflect the fact that bones calcined in this 
XU were from a larger animal or dense skeletal element. Consequently, I advocate that 
calcined bone proportions should constitute only a portion of the combined data used to 
discuss changes in the intensities of site use at Hay Cave. However, as an index of the 
presence of people, calcined bone deposition rates demonstrate that Hay Cave was used 
during each of its 5 identified time units.
Bone fragmentation rates
Marshall and Cosgrove’s (1990) criteria for distinguishing between human and animal 
predators on the basis of bone fragment size would suggest that, in all XUs of GUM30 (with 
the exception of XU40), animals were the primary agents of bone deposition. As discussed in 
this chapter, all time units in Hay Cave contain evidence of human occupation and in some 
units, intensities of site use appear to be relatively high. Consequently, the argument that the
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faunal assemblage reflects only animal activity cannot be unquestioningly accepted. Rather, 
trampling, sedimentary overburden pressures and exposure to fire may have played a major 
role in the instigation of bone breakage. Yet, due to the lack of variation in bone 
fragmentation patterns, arguments as to which, if any, of these factors were involved in bone 
breakage are largely speculative and thus this evidence will not be considered further in the 
course of my thesis.
Implications of the quantification of the faunal assemblage -  macropod and murid N1SP
The precise implications of variation in the proportions of macropod and murid specimens are 
not conclusively defined given that both humans and animals can consume these taxa. 
However, on a general basis, high representations of murid remains are associated with the 
activities of predatory birds and carnivorous mammals whilst large quantities of macropod 
bone are indicative of human involvement in bone deposition (Balme et al. 1978:52; Bowdler 
1984:63; David 1984b:40). Although neither of these sources of evidence are conclusive 
when examined on an individual basis, a comparison of patterns of macropod and murid 
deposition can grant greater credibility to the use of species representation to distinguish 
human from animal predation (David 1984b:40). Human and animal predators can co-exist in 
a site, and yet, heightened human presence and fire use within a confined area introduces 
conditions that are not favourable to occupation by non-human predators, particularly birds. 
On these grounds, I follow David (1984a:49) in suggesting that more intensive human use of 
a site will be reflected by a decline in murid proportions due to reduced inhabitation of the site 
by both murids and non-human predators such as owls. Thus, the presence of large quantities 
of macropod bone in conjunction with a low representation of murid taxa generally indicates 
that people were the primary agents of bone deposition. Conversely, high murid MSP counts 
and low macropod proportions within the same unit can be tentatively associated with an 
increased non-human role in bone accumulation.
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As rates of bone fragmentation remain constant throughout GUM30, it appears that 
differential bone preservation is not responsible for changes in the representation of 
macropods and murids. Rather, in GUM30, Gutman’s test demonstrates the statistical 
significance of the inverse relationship between these taxa in Units 1 and 5. In Unit 1, high 
proportions of macropods occur concurrently with a low representation of murids, a scenario 
which is reversed in Unit 5. Thus, I infer that human use of the site was significantly greater 
in Unit 1 than in Unit 5, with this latter period seeming to be one in which animals were the 
primary agents of bone deposition. I wish to emphasise that this evidence is suggestive rather 
than conclusive and therefore it remains necessary to further discuss these findings in light of 
other archaeological evidence from Units 5 and 1.
A statistically proven degree of association between the proportions of macropods and murids 
does not occur in any of the other time units in GUMBO. Consequently, the assessment of 
macropod and murid quantities per unit time provides no indication of the extent to which the 
faunal assemblage in Units 2, 3 and 4 is reflective of human rather than animal predation. It 
is not suggested that any time unit of GUM30 represents a period in which only animals or 
humans utilised the site. Rather, I fully recognise that the chronological length of each unit 
provides ample opportunity for both animals and humans to occupy Hay Cave. I propose that 
the unclear relationship between macropod and murid NISP counts in Units 2, 3 and 4 is a 
result of the products of both human and animal occupation of Hay Cave becoming 
intermingled and thus producing an indeterminate pattern in the archaeological record. 
Consequently, to identify variation in the levels of human involvement in the site, I have 
examined the intensities of site use in each unit by comparing the vertebrate faunal evidence 
with the deposition rates of other cultural materials and the speed of sediment accumulation
recorded in each unit.
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The intensities of site use at Hay Cave 
Unit 5 (32,000-29,700BP)
The association between the high proportions of murids and the low representation of 
macropods in Unit 5 is apparent. Furthermore, the speed of sediment accumulation is slow 
and the presence of other cultural indices is very limited. I thus feel justified in reaffirming 
my initial suggestion that the faunal evidence in this period is reflective of non-cultural 
patterns of bone accumulation. The bulk of evidence is therefore against the small peak in 
bone deposition in Unit 5 being attributed to cultural factors. Thus, although the presence of 
calcined bone in Unit 5 demonstrates that people used Hay Cave during this period, they did 
so at such low levels that the distinction between the natural and cultural aspects of the 
archaeological data is quite clear. For this reason, it could be argued that the use of Hay Cave 
during Unit 5 was less intensive than that in Units 3 and 4. However, the majority of the 
evidence implies that the variation between these units is so minimal that such a distinction is 
of little practical meaning and thus, unlike Holden (1999), I consider Units 3, 4 and 5 to 
represent periods of similar human use of Hay Cave.
Unit 4 (27,100-23,300BP)
In this unit, the difference between murid and macropod NISP counts is not inversely 
proportional in that the values of both of these indices are quite high. There is also a contrast 
between the slow rate of sedimentation in this unit and the relatively high overall bone 
weight. The only other cultural indices present in Unit 4 are lithics and burnt earth, both of 
which are deposited at rates that are only slightly lower than those in Units 3 and 5. Thus, the 
limited presence of cultural indices, the very slow rate of sedimentation and the high 
proportions of murids in Unit 4 all combine to indicate that, in this period, human use of the 
site was intermittent and/or occurred at very low levels, therefore allowing animals to occupy
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the site throughout much of Unit 4. According to this scenario, the presence of calcined bone 
in Unit 4 provides evidence that people did inhabit the site at some time(s) during this period, 
whilst the small peak in bone deposition is conceivably related to the accumulation of bone by 
animals rather than humans.
Unit 3 (19,300-15,800BP)
The results of the analysis of the faunal assemblage from this period are inconclusive. The 
relationship between murid and macropod NISP values is not clear-cut in that both of these 
animal groups are identified in relatively small proportions. The weight of calcined bone and 
rate of sedimentation are also limited, indicating a relatively low level of site use. Deposition 
rates of cultural indices are marginally larger than those in Unit 4 and yet are significantly 
lower than those in Unit 2. Thus, I propose that, in Unit 3, human use of the site was far less 
intensive than in Unit 2. Yet, in comparison with Units 4 and 5, levels of human activity 
remained relatively constant.
According to this model, there would be ample opportunity for murids and their predators to 
occupy Hay Cave and thus the low number of murid specimens in this time unit is somewhat 
surprising. Due to sampling procedure, the data for Unit 3 was obtained only from one XU. 
Consequently, I considered the possibility that the decline in murid specimens may be 
reflective of problems with my sampling technique. I therefore briefly examined the faunal 
material from XUs 53, 54 and 56 and identified 18 additional murid specimens. Although this 
increased the total murid NISP in Unit 3 to 28, this change was not large enough to affect my 
findings and in fact demonstrates that murid concentrations were indeed very low throughout 
the duration of Unit 3. This also lends further supporting evidence to my methods.
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As the weight of data is suggestive of relatively low human activity in this period, it appears 
that the decline in murids was not a result of people displacing rodents or their predators from 
the site. Rather, I argue that some other unknown factor may have been affecting murids 
and/or their predators, resulting in minimal deposition of rodent bone. The complete 
resolution of this issue is beyond the scope of my thesis. However, regardless of the 
questions surrounding murid representation, the majority of the evidence indicates that, 
between 19,300-15,800BP the intensity of human activity at Hay Cave was far lower than in 
Units 1 and 2.
Unit 2 (14,700-11,900BP)
The representation of both murids and macropods specimens in this unit is quite high and 
therefore it is not possible to reach specific conclusions regarding human activity on the basis 
of this information alone. However, both sedimentation rates and the weight of calcined bone 
are high in this period, facts which are suggestive of relatively intensive site use during Unit 
2. Furthermore, deposition rates of cultural materials all reach their second highest point at 
approximately this time. Although each of these cultural indices are present in far greater 
proportions than in the preceding periods, this increase is on a lower scale than that which 
occurred in Unit 1. Consequently, I argue that although there was a relative rise in the use of 
Hay Cave between 14,700-11,900BP, the intensity of human activity was by no means as high 
as in Unit 1. The evidence of heightened use of the site in Unit 2 implies that the peak in 
bone deposition during this period, is to a certain extent, reflective of the accumulation of 
skeletal material due to more intensive use of the site.
The high rates of murid deposition in what appears to be a period of significant human 
activity can be explained in several ways. Although human use of the site was intensive, 
occupational periods may have been relatively short, therefore allowing animal predators to
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inhabit the site at quite high levels during times when it was not utilised by humans. 
Alternatively, for some reason, humans may have been using murids as a source of food or 
other materials. Given that the Hay Cave environmental data discussed later in this chapter 
demonstrates that this period was not one of economic hardship, human consumption of 
murids seems very unlikely. However, the possible exploitation of rodents by humans cannot 
be dismissed out of hand. Thus, although the exact agencies of bone deposition in Unit 2 are 
not clearly understood, the general archaeological pattern indicates that human use of the site 
was higher in this period than in the preceding units but was by no means as intensive as that 
inUnit 1.
Unit 1 (3100-OBP)
The comparison of the proportions of macropod and murid remains within this unit suggests 
that this period was one of significant human activity at Hay Cave, an argument that is 
strengthened and extended in light of other information. Patterns of archaeological evidence 
in Unit 1 are effectively the reverse of those in Unit 5. Not only is the weight of calcined 
bone very high in this unit, but the speed of sedimentation and the deposition rates of all 
cultural materials indicate growth in the level of human activity between C.4000/3500BP and 
the present. Furthermore, it appears that the demand for stone during this period was such 
that attempts were made to ration and conserve stone resources (Holden 1999:96). Thus, it is 
fairly conclusively demonstrated that the period after C.3100BP or perhaps a little earlier, 
witnessed intensities of site use at Hay Cave that were far greater than those of any other time 
unit. Consequently, I conclude that the high deposition rate of bone in this period is reflective 
of relatively intensive human rather than animal predation. In addition, the fact that all rock 
art present in Hay Cave dates to the late Holocene is conceivably related to the changes in 
patterns of human behaviour that seemingly occurred during this period.
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Palaeoenvironmental reconstructions based on faunal remains
Prior to describing possible palaeoenvironmental patterns at Hay Cave, it is vital to recognise 
that the use of faunal evidence as the basis for such models is not entirely without limitations. 
As stated in Chapter 4, the faunal assemblage does not necessarily contain every species of 
animal that lived within the vicinity of the site. Rather, the presence or absence of species 
may be a reflection of the choices of animal and human predators. Thus, although it seems 
extremely unlikely that animal resources from a particular type of vegetation community 
should be completely ignored by both human and animal predators, it is not realistic to simply 
dismiss such a possibility. Similarly, the issue of a “time lag” between the occurrence of 
climatic change and its manifestation in the vegetation and faunal records cannot be 
summarily ignored.
However, perhaps the most serious issue in the use of faunal analysis to assess palaeoclimatic 
change is that the information it produces regarding vegetation changes may be somewhat 
general. The study of ancient pollen provides a means with which to identify changes within 
rather than between vegetation groups. For example, open forest with a dense understorey 
can be distinguished from that which has a relative sparse understorey (Stephens & Head 
1995:30). Unfortunately, the habitat preferences of the majority of the vertebrate fauna in 
Hay Cave were not precise enough to permit this level of specificity. Although some animals 
have very particular vegetation requirements, such as those of Conilurus penicillatus, they are 
represented in GUM30 in such small proportions that placing them in a separate group would 
have produced largely meaningless data. Thus, in the context of GUM30, the vertebrate 
faunal analysis can only be used to discuss gross variation between vegetation communities, 
for example, detecting the difference between open forest and rainforest. With these 
limitations in mind, it is possible to broadly assess palaeoenvironmental changes by 
describing the general variability in vegetation evidenced in the faunal assemblage.
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The broad picture of palaeoclimatic conditions at Hay Cave is one in which vegetation 
changes were less extreme than those experienced in other, more coastal parts of south-east 
Cape York. This hypothesis is based on an examination of the proportions of the two habitat 
specific taxonomic groups in GUM30: grassland and open forest/woodland animal taxa. 
Although the comparison of the deposition rates per XU of open forest/woodland and 
grassland animal taxa across the different time units is not statistically significant, I feel that 
the differences within the proportions of these taxonomic groups per unit time are too large 
simply to be ignored (see Figures 24-25). It is therefore necessary to view these alterations in 
the faunal assemblage in terms of trends, whereby recognition is given to variations in animal 
taxa representation which constitute a significant departure from the proportions of these 
animals identified in the proceeding unit.
Unit 4 (27,100-23,300BP) and Unit 5 (32,000-29,700BP)
Within these two units, animal taxa demonstrate the presence of open forest/woodland and 
grassland communities in the vicinity of Hay Cave. The faunal evidence indicates that 
between 32,000-23,300BP, there was no major change in the distribution of these plant taxa.
Unit 3 (19,300-15,800BP)
The complete absence of grassland animal taxa in Unit 3 constitutes the first significant 
variation in the proportions of habitat-specific animal taxa at Hay Cave and is in apparent 
contrast with the accepted palaeoenvironmental pattern for other parts of south-east Cape 
York. The timespan covered by Unit 3 is one in which increased aridity occurred in south-east 
Cape York (Butler 1998:5; Kershaw 1986:48; Rowe et al in press: 14; Stephens & Head 
1995:19). As grassland plants thrive on drier conditions, it would be expected that the 
distribution of grassland communities would become broader, or at least remain stable during 
this period. However, it must be recognised that the grassland animal taxa group in GUM30
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is composed of two species of murids. Therefore, the reason(s) for the decline in grassland 
animal taxa in Unit 3 may be twofold: either conditions during Unit 3 and/or Unit 4 were 
somewhat wetter and resulted in the contraction of grassland communities; or some other 
factor was affecting the deposition of murid remains and thus reducing the proportions of 
grassland animal taxa in this period.
It is essential to consider conditions in both Unit 3 and the proceeding period because of the 
possibility of a “time lag” between climatic and faunal change. However, the occurrence of 
moister conditions in Units 3 or 4 seems very unlikely given that landsnail and calcium 
carbonate deposition rates (Figures 13-14) indicate low levels of effective precipitation in 
these periods. This suggestion is supported by the broader climatic model for south-east Cape 
York which identifies a gradual increase in aridity from the pre-glacial late Pleistocene that 
culminated in the occurrence of driest conditions between the end of the glacial maximum and 
c,13,000BP (Rowe et al in press: 14). Thus, even when the contingency of a “time lag” effect 
is taken into account, palaeoenvironmental evidence does not concur with the suggestion that 
the reduction in the proportions of grassland animal taxa in Unit 3 is reflective of climatic 
changes.
Rather, it appears that the decline in grassland animal taxa in this period is at least partially 
related to an overall reduction in the deposition of murid bone. Unfortunately, owing to time 
constraints, I was unable to speciate the murid remains found during the additional 
examination of faunal material from XUs 53, 54 and 56. However, given that extending the 
sample size did not greatly elevate the proportions of murid specimens per unit time in Unit 3, 
I argue that the representation of grassland animal taxa similarly would not be significantly 
increased. Importantly, the reduction in overall murid proportions in Unit 3 is related to the 
diminishment of both the general murid population and grassland murids, therefore indicating
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that the decrease in total murid NISP in this unit is not simply a reflection of lower numbers 
of grassland species. As already stated, it is unlikely that the low representation of murids in 
this period is a result of human activity initiating an abandonment of the site by rodents and 
their predators. Although I have not been able to identify any other specific factor(s) that 
would have affected murids or their predators in such a way, the most important fact is that 
the decline in the general murid population in Unit 3 demonstrates that the absence of 
grassland animal taxa in this period is probably not related to vegetation change.
In contrast, the decrease in proportions of open forest/woodland animal taxa between Units 4 
and 3 appears to be a result of environmental variation. The open forest/woodland animal 
group is composed of a range of different animals that do not have exactly the same types of 
predators. Consequently, the diminished representation of these animals in Unit 3 cannot be 
explained by any one non-environmental factor. Rather, the relatively low number of open 
forest/woodland animal taxa indicates that a reduction in such plant communities took place 
during this period.
In better-watered areas, increases in aridity are generally linked to the expansion of open 
forest/woodland communities into areas previously occupied by rainforest (Hiscock & 
Kershaw 1992:47,49; Hopkins et al. 1993:368; Kershaw 1986:484). However, in areas 
heavily populated by open forest/woodland communities, conditions are typically quite dry 
and therefore a reduction in effective rainfall results in these treed environments becoming 
more sparse as grasslands expand their distribution (Kershaw 1995:661). Thus it is apparent 
that the interpretation of changes in open forest/woodland vegetation is dependent on the 
nature of existing conditions in the area within which the change takes place. The general 
faunal evidence from GUM30 demonstrates that open forest/woodland and grassland 
communities were dominant throughout Units 4 and 5, suggesting that conditions in the
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vicinity of Hay Cave were fairly dry between 32,000 and 23,300 years ago. Consequently, I 
propose that the apparent reduction in open forest/woodland plant taxa between 19,300 and 
15,800BP is reflective of the impact of more arid conditions at Hay Cave. This argument 
concurs with the current palaeoenvironmental models which suggest that the period covered 
by Unit 3 is one in which effective precipitation fell to low levels in south-east Cape York 
(Butler 1998:82; Kershaw 1986:48; Stephens & Head 1995:19; Rowe et al. in press: 14). As 
the decline in grassland animal taxa in this period appears not to be related to changes in 
vegetation patterns, this evidence does not contradict the argument that the apparent reduction 
in open forest/woodland plant taxa is related to reductions in water availability.
The possibility of a “time lag” in faunal change leads me to consider the possibility that the 
reduction in open forest/woodland vegetation in Unit 3 could also be related to the occurrence 
of drier conditions in Unit 4. The fact that there is no major variation in the deposition of 
landsnail and calcium carbonate between Units 3, 4 and 5 means that the ambiguity 
surrounding this suggestion cannot be discounted on the basis of evidence from Hay Cave 
alone. However, I suggest that the sensitivity of landsnails to the availability of moisture 
dictates that once effective rainfall is reduced below a certain level, landsnail deposition rates 
will reach a minimum point and thus any further decreases in rainfall will not be detectable on 
the basis of landsnail evidence. This argument is similarly applicable to the process of 
calcium carbonate deposition. Consequently, the possibility that an increase in aridity 
occurred at Hay Cave between 27,100 and 23,300BP and affected vegetation patterns in Unit 
3 cannot be dismissed. Yet, in terms of wider evidence, although conditions in south-east 
Cape York were becoming progressively drier during this period, effective rainfall was still 
higher than that occurring in the time period covered by Unit 3 (Bowler 1983:5; Kershaw 
1981b:37). Thus, I maintain that the reduction in open forest/grassland taxa at Hay Cave
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between 19,300-15,800BP is a result of increasing aridity in this period adversely affecting 
even the relatively dry-adapted plant species that make up this vegetation group.
Unit 2 (14,700-11,900BP)
Open forest/woodland animal taxa undergo a major resurgence in Unit 2, with this period 
containing the highest representation of these animals, therefore suggesting the presence of 
comparatively large representations of open forest/woodland plant taxa. Applying the logic 
used in the interpretation of evidence from the preceding period, the increase in open 
forest/woodland flora during Unit 2 should be representative of a relative rise in the 
availability of water. This evidence correlates precisely with the fact that landsnail and 
calcium carbonate deposition rates indicate a significant elevation of precipitation levels 
between 13,600 and 3,100BP (Rowe 1998:78-79). In the same period, grassland taxa N1SP 
counts do not differ greatly from those of Units 4 and 5, indicating that distribution of 
grassland plants did not undergo any apparent change between 14,700 and 11,900BP. Thus it 
seems that whilst the increase in moisture availability caused open forest/woodland plant taxa 
to become more common, it had little effect on grassland communities. Rowe (1998:78) 
argues that whilst rainfall at Hay Cave was of a greater magnitude c. 13,600-3100BP, the 
degree of this change was comparatively low. Therefore, it may be that the heightened levels 
of effective rainfall provided a means to enhance treed vegetation around Hay Cave, but were 
not dramatic enough to cause a reduction in the presence of grassland communities.
Unit 1 (3,100-OBP)
In Unit 1, the period which covers the late Holocene, the complete absence of grassland 
animal taxa need not be related to alterations in vegetation patterns. Rowe (1998:78-79) 
found that precipitation at Hay Cave remained comparatively high throughout the early-mid 
Holocene, and thus the reduction in grassland animal taxa in Unit 1 may represent the delayed
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effect of increased rainfall initiating a replacement of grassland communities. If this scenario 
were correct, open forest/woodland plant taxa should have also become more common, and 
yet the proportions of open forest/woodland animal taxa undergo a marginal decrease in this 
period. As all grassland animal taxa in GUM30 are murids, the fact that overall murid 
proportions are very low in Unit 1 indicates that the reduction in proportions of grassland 
animal taxa in this period is probably not related to changes in the distribution of grassland 
vegetation. Rather, the decline in these animals in the late Holocene is conceivably a result of 
displacement of murids and their predators by humans, rather that the effects of climatic 
change.
In relation to the afore-mentioned decrease in the proportions of open forest/woodland animal 
taxa in Unit 1, this change is relatively small, and consequently I am hesitant to use it as 
evidence for vegetation alterations. Instead, I tentatively suggest that the apparent reduction 
in proportions of open forest/woodland plant taxa in this period may be related to a decline in 
effective precipitation, as demonstrated by the low landsnail and calcium carbonate deposition 
rates (Rowe 1998:78-79). This hypothesis compares favourably with other palaeoclimatic 
evidence from south-east Cape York which indicates that this period was comparatively drier 
than the proceeding early-mid Holocene (Butler 1998:9; Hiscock & Kershaw 1992:57; 
Kershaw 1981a:92).
The overall palaeoenvironmental picture from Hay Cave 
As a whole, the vertebrate faunal evidence from GUM30 indicates that, in the area 
surrounding Hay Cave, gross vegetation patterns remained relatively stable over time. The 
low proportions of open forest/woodland animal taxa between 19,300 and 15,800BP appear to 
be a reflection of the impact of more arid conditions, an hypothesis which is supported by the 
accepted palaeoenvironmental pattern for south-east Cape York. Yet, when compared to
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evidence from the Atherton Tablelands which records the replacement of rainforest by 
grassland and sclerophyll woodland c.25,000-17,000BP, the nature of vegetation change at 
Hay Cave in this period is far less dramatic (Butler 1998:5; Kershaw 1986:48). The timing of 
the initiation of increased rainfall and the expansion of open forest/woodland communities at 
Hay Cave 14,700-11,900BP also closely corresponds with the current theory that climatic 
amelioration began in south-east Cape York c. 13,000-10,000BP (Torgersen et al. 1988:259). 
Once again, this alteration is, in simplistic terms, identified merely as a change in the 
proportions of trees in the vicinity of the site and does not constitute a marked divergence 
from the existing general floral patterns. Finally, the absence of grassland animal taxa in 
Units 1 and 3 is apparently not related to variations in vegetation, but is probably linked to 
factors affecting the broader murid population. The resultant picture from the vertebrate 
faunal analysis is therefore one in which, for the past c.32,000 years, Hay Cave has been 
surrounded by open forest/woodland and grassland vegetation, the relative representations of 
which have undergone only minor alterations.
The analysis of landsnail quantities indicates that the vine thicket environments which are 
host to these invertebrates must also have been part of the floral population in the Hay Cave 
locality (Rowe 1998:17). Landsnail shell is present in varying concentrations throughout each 
of Hay Cave’s time units, and therefore at no time do these vine thicket vegetation 
communities appear to have been entirely eliminated. This suggestion concurs with the fact 
that the edaphic and physical characteristics of limestone outcrops allows them to serve as 
refuges for wet-adapted vegetation types and therefore rainforests may survive on karst 
formations even during the more arid periods (Stanisic 1990 cited in Rowe 1998:17).
Treating negative evidence with caution, I tentatively suggest that if rainforest vertebrate 
animal taxa had been present in relatively high proportions in the vicinity of Hay Cave at any 
time during the site’s deposition, then at least one specimen of a distinctly rainforest-dwelling
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species would have been identified in the GUM30 deposit. Yet, such animals are noticeably 
absent. I am not implying that rainforest or wet forest environments were completely 
excluded from the area, since the landsnail data indicates that this was certainly not the case. 
Rather, I argue that the limited extent of rainforest/wet forest animal taxa in GUM30 indicates 
that vegetation of this type was not a feature of the Hay Cave locality during the last 32,000 
years, despite the heightened early Holocene presence of such communities some 50km to the 
east. Although there are fluctuations in landsnail frequencies, the sensitivity of these 
invertebrates to moisture changes dictates that alterations in the deposition of landsnails may 
be representative of changes in rainfall which increased localised moisture within the 
rainforests, but were not large enough to expand the overall distribution of rainforest 
communities (Rowe 1998:78). On the basis of this information and the lack of other faunal 
evidence related to rainforest flora, I propose that throughout the depositional sequence at 
Hay Cave, wet forests in the vicinity of the site, including vine thickets, were limited to small 
refugiai pockets within the karst tower, much as is the situation today.
The faunal evidence therefore indicates that, at Hay Cave, there was relative stability in the 
extent of gross vegetation types in comparison to the large-scale fluctuations recorded on the 
Atherton Tablelands and throughout much of southern Australia. Although the presence of 
very low proportions of grassland animal taxa in Units 3 and 1 does not support this 
suggestion, the major variations in the representation of these animals can be explained by 
factors not related to environmental conditions. I propose that the ecological setting of Hay 
Cave for the past 32,000 years was largely similar to that of the current period, whereby the 
karst tower is host to small pockets of wet forest vegetation, whilst the surrounding plains are 
populated by a mixture of open forest/woodland and grassland communities.
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Conclusion
By combining the information gained from the GUM30 faunal assemblage with other 
archaeological data obtained from Hay Cave, it is possible to determine temporal trends in the 
intensities of human use of the site, whilst also formulating an hypothesis relating to its past 
environmental context. Although the archaeological pattern at Hay Cave is not entirely 
straightforward, the use of the cumulative approach suggests that the proposed trends in 
human use of Hay Cave are supported by the bulk of evidence relating to human activity. 
Thus, I argue that, following the initial occupation of the site around 32,000BP, human 
activity remained relatively low until 14,700-11,900BP when there was a slight increase in 
human presence at the site. Unfortunately, the gap in the sequence of radiocarbon dates after 
11,900BP means that between 11,900 and 3,100BP there is a high degree of uncertainty in 
regard to human activity at Hay Cave, and indeed there may have been a hiatus in occupation 
during this period. However, what is extremely clear is that the period after 3100BP was one 
of intensive site use, as demonstrated by the fact that all indices of human activity reach their 
peak in this final time unit. Thus, the human aspect of Hay Cave’s past is made apparent.
The environmental history of Hay Cave is also made accessible through an analysis of the 
faunal assemblage. The occurrence of changes in proportions of open forest/woodland animal 
taxa suggests directions of gross vegetation alteration that broadly concur with established 
palaeoenvironmental models. Yet, as a whole, it appears that the composition of the 
vegetation surrounding Hay Cave remained relatively stable, a fact which contrasts with 
evidence from other areas of south-east Cape York. Thus, in the following chapter, the 
cultural and natural information from Hay Cave is examined in terms of its implications for 
current models regarding relationships between climatic change and the intensities of human 
activity in south-east Cape York.
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CHAPTER 8: CONCLUSION 
Introduction
In this chapter I further examine the implications of the palaeoenvironmental and cultural 
trends that emerge from the broad range of evidence at Hay Cave. I suggest that the data from 
Hay Cave concurs with the established pattem of an increase in intensities of human activity 
during the late Holocene. However, I also argue that palaeoenvironmental conditions in the 
Mitchell-Palmer were relatively stable from 32,000BP to the present, thus contrasting with the 
palynological evidence for large-scale environmental variation in the Atherton Tablelands and 
supporting the argument for a different palaeoclimatic pattem in western south-east Cape 
York. The proposed environmental sequence at Hay Cave is then further discussed in terms 
of its relevance to the changes in the intensities of site use.
Variation in site use trends
The patterns of human activity at Hay Cave generally concur with those proposed for the 
wider south-east Cape York region. The evidence from the earlier time units of GUM30 does 
not provide a means with which to suggest variation in the intensities of site use between the 
time of Hay Cave’s initial occupation and c. 14,700BP. This is not to say that alterations in 
degrees of site use did not occur at Hay Cave during this period, but merely that they are not 
detectable on the basis of the available data. According to the accepted model for south-east 
Cape York, although human activity was relatively low from c.32,000-17,000BP, it also 
underwent a series of slow yet detectable increases (David & Lourandos 1997:8). That this 
minor change is apparent in the broader pattern but is not identifiable at Hay Cave 
conceivably reflects the fact that the overall south-east Cape York model is based on 
information from a range of sites rather than a single location. In general terms however, the
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pattern identified at Hay Cave and throughout south-east Cape York is one of comparatively 
limited Aboriginal use of the area between c.32,000 and 17,000BP.
There is also a degree of correlation between the occurrence and timing of the first major rise 
in human activity at Hay Cave between 14,700 and 11,900BP and the concurrent increase in 
the establishment and use of sites in south-east Cape York from 17,000-10,000BP (David & 
Lourandos 1997:8; Morwood 1990:3; Morwood & Hobbs 1995a:758). Unfortunately, after 
this period, the archaeological record at Hay Cave is largely uncertain due to the gap within 
the series of dates from the site. At other sites in south-east Cape York, similar chronological 
discontinuities have been interpreted as evidence of a cessation in the Aboriginal occupation 
of sites. However I do not have sufficient evidence with which to make such an inference 
regarding Hay Cave. In contrast, the late Holocene data at Hay Cave is clearly indicative of a 
large-scale increase in the intensities of site use, evidence which directly concurs with the 
well-recognised pattem of increasing human activity in south-east Cape York during this 
period (David & Lourandos 1997:20-23; Morwood & Hobbs 1995a:756).
Palaeoenvironmental evidence from Hay Cave
The vertebrate faunal evidence records a high degree of stability in the gross composition of 
the vegetation communities surrounding Hay Cave. Of the changes in the vegetation pattem 
made apparent by faunal analysis, both the decline in open forest/woodland communities in 
Unit 3 and their subsequent resurgence in Unit 2 are attributable to the occurrence of climatic 
alterations that have been generally recognised by current palaeoenvironmental models. In 
addition, although the evidence regarding alterations in the proportions of grassland animal 
taxa is somewhat unclear, it appears to be related to the impact of non-environmental factors 
on the murid population. This evidence indicates that, rather than witnessing the massive 
reduction and replacement of floral groups that occurred along the coastal margins of south-
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east Cape York, the plant communities in the vicinity of Hay Cave appear to have remained 
relatively stable, consisting of open forest/woodland, grassland and some refugiai wet forest 
pockets confined to the karst towers.
The suggested constancy in the floral communities surrounding Hay Cave can be related to 
two possible scenarios: that the area was frequently burnt by anthropogenic or natural fires; or 
that palaeoclimatic conditions within the area did not vary to a large enough extent to 
influence gross vegetation patterns. In a situation where fire is relatively common, grassland 
and open forest and woodland communities, particularly those containing sclerophyll plants, 
are far more likely to thrive than rainforest flora (Flannery 1994:226; Kershaw 1986:48). 
Therefore, fires occurring in the area either naturally or as a result of Aboriginal burning 
strategies may have prevented an expansion in the distribution of rainforest communities and 
resulted in a predominance of open forest/woodland and perhaps grassland plant taxa. This 
suggestion is supported by Kershaw’s (1986:48) argument that human fire regimes on the 
Atherton Tablelands were at least partially responsible for the replacement of rainforest 
species with sclerophyll taxa c.38,000-26,000BP. Whilst it is difficult to determine exactly 
when Aborigines began to use fire to modify the Australian environment, some have 
suggested that it may have been as early as 70,000 years ago (Singh et al. 1981). Far more 
recently, the use of systematic burning techniques is ethnographically documented amongst 
Aboriginal groups in south-east Cape York (Morwood 1995:37). Thus, it is possible that 
periodic, intentional firing of the landscape was responsible for preventing rainforest and 
other non-fire resistant vegetation groups from colonising the plains surrounding Hay Cave.
However, I believe that the evidence regarding landsnail and calcium carbonate deposition 
indicates that the stability of general vegetation patterns at Hay Cave is more closely related 
to the limited intensities of climatic change in the region. On the basis of the landsnail and
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calcium carbonate data, Rowe (1998:78) suggests that although the rates of precipitation 
increased between c. 13,600-3,100BP, this rise in rainfall was relatively small and was 
certainly not of the same scale as that witnessed in the Atherton Tableland, where massive 
vegetation changes were recorded following early Holocene climatic amelioration (Kershaw 
1983:679). The relationship between climatic fluctuations and the needs and requirements of 
different plant taxa dictates that alterations in rainfall and/or temperature will impact on gross 
vegetation patterns only if the degree of change is great enough to advantage or disadvantage 
a particular vegetation type. Thus, the lack of major variation in the gross floral patterns at 
Hay Cave further supports Rowe’s (1998:78) argument for a lesser degree of climatic change 
in the Mitchell-Palmer area.
In addition, the lack of gross vegetation alterations in the Holocene at Hay Cave is almost 
precisely mirrored by the evidence from Lake Koongirra, where eucalypts and grassland 
communities remained dominant throughout this period (Butler 1998:89). Similarly, the 
stability in the floral record at Lake Carpentaria between 36,000-8000BP suggests that the 
climatic changes experienced in this area were also somewhat limited (Torgersen et al. 
1988:254). Importantly, all three of these sites are located on the western side of the Great 
Dividing Range. Therefore, the congruity between the available palaeoenvironmental data 
from these sites provides considerable support for the hypothesis that climatic fluctuations in 
western south-east Cape York were of a lesser magnitude than those recorded on the Atherton 
Tablelands (Rowe 1998:78; Rowe et al. in press:27). Given that the Atherton Tablelands area 
is extremely sensitive to alterations in rainfall and temperature, this hypothesis is plausible. 
However, the evidence from Lake Koongirra and Lake Carpentaria does not provide a 
complete record of Pleistocene and Holocene vegetation transitions and therefore does not 
allow insight into the frill sequence of climatic changes. For this reason, I believe that 
although Rowe’s (1998:78) argument adequately explains the evidence from Hay Cave,
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further research is necessary before the suggestion of a new palaeoenvironmental pattern in 
western south-east Cape York is entirely accepted. Whilst it is beyond my capabilities to 
explain why climatic changes were apparently less dramatic at Hay Cave and possibly 
through out western south-east Cape York, the fact that this portion of south-east Cape York 
is in a rainshadow may have had a major influence over its environmental history.
Importantly, the proposed environmental pattern for this area does not exclude the possibility 
that fire may have also had an additional impact on vegetation composition.
The implications of palaeoenvironmental patterns in relation to archaeological trends at 
Hay Cave
The above palaeoenvironmental evidence in combination with the archaeological patterns 
assessed earlier provides the means with which to examine the evidence from Hay Cave in 
light of current debates regarding the degree to which human behaviour in the south-east Cape 
York region is motivated by environmental or social change. At this juncture, it is also 
essential to mention that even though the level of climatic change at Hay Cave was apparently 
low, the vertebrate faunal evidence demonstrates that even these minor alterations had an 
impact on ecological conditions. Therefore, in terms of the relationship between 
palaeoenvironmental and cultural trends in western south-east Cape York, it cannot simply be 
assumed that the limited extent of climatic variation did not have an impact on patterns of 
human activity.
This statement is particularly relevant to the two current models for the region, those of 
Morwood and Hobbs (1995a) and David and Lourandos (1997). In general terms, these 
theories agree that, from the initial human occupation of the region c.35,500BP until the late 
Holocene, trends in Aboriginal use of south-east Cape York broadly mirrored patterns of 
environmental change. In the late Holocene, Morwood and Hobbs (1995a) argue that climatic
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conditions remained stable and thus, the intensification of human activity in this period 
simply represents a continuation of the demographic increase that began following the 
occurrence of climatic amelioration in the early Holocene. In fact, palaeoenvironmental data 
from south-east Cape York indicates a relative reduction in effective rainfall during the late 
Holocene (Butler 1998:9; Hiscock & Kershaw 1992:63; Kershaw 1981:92). David and 
Lourandos (1997) maintain that, in conjunction with a regionalisation of rock art and the 
emergence of new technologies, the occurrence of this relative downturn in climatic 
conditions demonstrates that heightened levels of human activity in the late Holocene were 
the result of demographic changes brought about by social rather than by environmental 
factors.
Both of these models are based on a regional data set and thus can be used to make inferences 
about demographic change. In contrast, variations in the intensities of site use at Hay Cave 
are not necessarily reflective of demographic growth in isolation but may also be related to 
other factors such as the frequency of occupation (Mitchell 1988:3). Furthermore, my site- 
specific analysis does not provide a means with which to identify aspects of broader patterns 
such as the occurrence of change in wider social systems, a transition which constitutes an 
important part of David and Lourandos’s (1997) socio-demographic model. Yet, on an 
interpretative level, it is possible to determine whether, at Hay Cave, the trends in climatic 
change concur with the archaeological patterns and therefore support or refute the 
applicability to this site of David and Lourandos’s (1997) pre-late Holocene model and 
Morwood and Hobbs’s (1995a) entire regional model.
Between 32,000 and 14,700BP human occupation of Hay Cave did occur and appears not to 
have varied significantly in intensity. Thus, Hay Cave was used throughout the glacial 
maximum, a period in which only Fern Cave, Hearth Cave and Sandy Creek 1 provide
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definite evidence of human activity. Although south-east Cape York may not have 
experienced peak aridity during the glacial maximum, conditions appear to have been drier 
and consequently it is not surprising that the three sites occupied throughout this period are all 
located close to permanent water sources (David & Lourandos 1997:6; Morwood & Hobbs 
1995b: 180). It appears that Limestone Creek was active throughout the last glacial maximum 
and provided access to water within close proximity of Hay Cave. Therefore the situation at 
Hay Cave is similar to that at other sites occupied during this period and does not conflict 
with the established theories. (Lourandos pers. comm. 1999).
Hay Cave was also used at low intensities between 19,300 and 14,700BP during what appears 
to have been a period of peak aridity in south-east Cape York and therefore there is again an 
apparent link between climatic conditions and human activity. Whilst the level of Aboriginal 
use of the broader south-east Cape York region was still comparatively low during this period, 
it did undergo a minor increase such that human activity seemingly occurred at marginally 
higher levels than in the period before 17,000-13,000BP (David & Lourandos 1997:8). The 
palaeoenvironmental picture for this period is not entirely conclusive, yet, the available 
evidence from south-east Cape York indicates that conditions were in fact drier than in the 
glacial maximum, a suggestion supported by the vertebrate faunal data from Hay Cave. The 
subsequent rise in human use of south-east Cape York after 17,000BP therefore conflicts 
somewhat with the prevailing climatic trends and appears to contradict the models of both 
Morwood and Hobbs ( 1995a) and David and Lourandos (1997) (Rowe et al. in press: 14). I 
suggest that this minor divergence between regional environmental and archaeological 
patterns may reflect a scenario whereby, following the initial “shock” of the drier glacial 
maximum period, people developed mechanisms which allowed them to cope with the more 
arid climate and slightly expand their use of the area despite a further reduction in water 
availability c. 17,000-14,000BP. However, there is no concrete evidence for the occurrence of
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any significant social or technological developments during this period, and thus my argument 
remains purely speculative at this stage.
Specifically at Hay Cave, the first major alteration in human activity is evident in the form of 
an increase in site use from 14,700-11,900BP. The timing of this event fairly closely 
correlates with Rowe’s (1998:78-79) suggestion of heightened rates of precipitation from 
13,600BP and thus it seems extremely likely that these two events were causally related, an 
hypothesis which concurs with both of the established models. It is interesting that although 
changes in precipitation rates appear to have been insufficient to affect gross vegetation 
patterns, they seem to have had an impact on human behaviour. From this I infer that 
although climatic change influenced the levels of human activity at Hay Cave, this 
relationship may not have been entirely deterministic. Rather, it was possibly affected by 
social considerations such as interaction with other groups in areas where the ecological 
changes were more dramatic. A combination of both social and environmental factors could 
therefore have played a role in influencing the trends in human site use at Hay Cave. 
Unfortunately, as there is a lack of evidence for socio-cultural change at the site, this 
hypothesis cannot be confirmed. However, it is apparent that between 32,000 and 11,900BP, 
trends in human use of Hay Cave were generally linked to climatic conditions, as is proposed 
by the regional models of both David and Lourandos (1997) and Morwood and Hobbs 
(1995a).
Unfortunately, it remains unclear whether the stratigraphic break at Hay Cave reflects an 
early-mid Holocene hiatus in human use of the site. Whilst this period witnessed increased 
human activity throughout much of south-east Cape York, a cessation in site use is recorded 
at four other sites within the region (Campbell 1982:65; David & Chant 1995:401; Flood & 
Horsfall 1986:39; Morwood, Hobbs & Price 1995:78). The possibility of an abandonment or
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reduction in the use of the site raises the question of why such an event would occur when 
rainfall was somewhat higher than in the preceding periods during which the site was 
occupied. It was noted during the 1996 excavation season that the level of humidity was far 
higher within the site than outside the confines of the rocksheiter (David 1996:2). Thus, it is 
possible that even a minor increase in rainfall may have heightened humidity levels within the 
site such that it no longer became comfortable to occupy. Alternatively, although the slightly 
greater rate of precipitation in the late Holocene did not affect gross vegetation patterns, it 
may have constituted a large enough change to bolster water supplies in other zones within 
the Mitchell-Palmer area. Thus, people may have been able to move away from the 
permanent water source at Limestone Creek and utilise other sites (Lourandos pers. comm. 
1999). Interestingly, two of the other sites abandoned in this period, Fern Cave and Sandy 
Creek 1, are both located close to permanent water sources and therefore a similar scenario 
could apply to these sites. The main problem with this final theory is the question of whether 
people would abandon a site or reduce their use of it simply because more sites became 
available. Regardless of this issue, it seems that the possible abandonment or reduction in the 
use of Hay Cave in the early Holocene may have been a result of the effects of climatic 
change.
In contrast, the divergence between environmental conditions and intensities of human 
activity at Hay Cave is far more obvious in the late Holocene. A reduction in rainfall at Hay 
Cave from c.3100BP is demonstrated by landsnail and calcium carbonate deposition rates and 
provides further general support for the proposed minor increase in aridity during the late 
Holocene. Thus, the heightened intensities of site use at Hay Cave dining the late Holocene 
are not directly linked to continually improving climatic conditions and therefore the evidence 
from this period of Hay Cave’s occupation implies that Morwood and Hobbs’s (1995a) 
environmentally based model is not applicable at this site during the late Holocene. With the
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exception of the late Holocene appearance of rock art at Hay Cave, there is no direct evidence 
regarding the occurrence of new developments in technological or social systems and thus it 
cannot simply be assumed that the pattern of archaeological change at this site concurs with 
David and Lourandos’s (1997) model.
Limitations of the study and recommendations for future research
As already stated, the primary limitation of this study is that the vertebrate faunal analysis 
provides information regarding only gross patterns of vegetation change and therefore minor 
changes within vegetation communities are not detectable. This is a general problem related 
to the fact that the habitat preferences of most vertebrates do not provide information of the 
same specificity as that obtained via palynological analysis. Yet, further analysis of the 
faunal material from GUs M30, M31, N30 and N31 may increase the sample size to the extent 
that fauna with very precise ecological niches can be identified in sufficient quantities to 
allow more fine-grained insights into the vegetation sequence at Hay Cave.
The application of sampling strategies is also related to the problem that all of the 
archaeological material discussed in this thesis was extracted from one part of the site. 
Consequently, the possibility of variation between depositional patterns in different areas of 
the site cannot be ruled out. As all excavated grid units in Hay Cave are part of a larger one 
metre square, the only solution to this problem would be to excavate a number of new test pits 
in different areas of the site.
Finally, Rowe’s (1998:78) suggestion of a new palaeoclimatic pattern for western south-east 
Cape York is of significant value to current perceptions of the prehistory of this area and 
requires further investigation. Therefore, I suggest that analyses of past climatic patterns 
should be conducted at a range of locations within the western portion of south-east Cape
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York. Although palynological analyses would be extremely valuable, the dry conditions in 
these areas may render pollen studies inapplicable (Stephens & Head 1995). Rowe’s (1998) 
thesis demonstrates that landsnails serve as an excellent palaeoclimatic indice and thus studies 
of this type may become invaluable in areas where pollen preservation is poor. Further metric 
analysis of the murid remains may also prove useful.
Apart from the need to further examine Rowe’s (1998:78) hypothesis, more detailed 
palaeoenvironmental information is essential to clarify the climatic sequence within certain 
time periods. Although the evidence from Hay Cave demonstrates a reduction in rainfall 
during the late Holocene, there is still some disagreement as to whether or not this period in 
south-east Cape York was more arid than the early-mid Holocene (David & Lourandos 
1997:11; Morwood & Hobbs 1995b: 179; Rowe et al. inpress:14). It is also important to 
determine whether the probable peak in aridity c. 17,000-13,000BP occurred across the entire 
region. As this chapter has demonstrated, such information is vital in discussing degrees of 
correlation between climatic patterns and archaeological trends and thus obtaining a more 
complete understanding of the factors affecting past human behaviour in the south-east Cape 
York region.
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APPENDIX A:Description of the stratigraphy of Hay Cave 
(part of unpublished report to Dr. H. Lourandos, David 1997)
SUI A This unit consists of the surface sediments, which are very dry and ashy. These sediments 
are fairly compact, extremely easy to dig (soft), but not disturbed to the point that they are loose. 
The treadage zone of surface-disturbed sediments was extremely shallow when we first arrived at 
the site, and measured only l-2mm in depth. This disturbed veneer consists of the sediments 
indistinguishable from the rest of SUI A. Sediments in SUI A are very fine-textured. Cultural 
materials were noted to be present at the time of excavation. Dry Munsell colour: 10YR/2-6/3 
(light brownish grey to pale brown); pH:9.
SU IB A thin lens of light yellowish brown baked sediment. Its boundary with overlying SUI A 
is distinct, as it is with the underlying SU1C. This unit does not appear throughout the excavated 
squares, but only in the NW comer of the pit. Sediments are homogeneous throughout, but of 
limited extent spatially. Dry Munsell colour: 10YR6/4 (light yellowish brown); pH: 8.5.
SU1C Sediments are very ashy and cultural in nature. They are discontinuous across the square, 
being present in the NW part of the excavation, immediately below SU IB but with a slightly 
greater spatial spread. Where SU IB does not occur, SU 1C merges with SUI A. The interface 
between SU1C and SU1B is distinct in most parts. The interface between SU1C and SU1E 
underneath occurs over a vertical distance of approximately 1cm. Sediments are very dry. Dry 
Munsell colour: 10YR6/2 (light brownish grey); pH:8.5.
SU1D This unit consists of a thin, isolated lens of ash on the southern wall near the SW comer 
of square M30. Its consistency is very fine, easy to dig, but somewhat compacted. Sediments are 
very dry. The boundaries between SU ID and surrounding sediments are distinct. Dry Munsell 
colour: 19YR8/1 (white); pH:8.5.
SU IE This unit consists of an ashy lens. Dry Munsell colour is 10YR7/3 (very pale brown) 
towards the SW parts of the pit, changing to 10YR6/2 (light brownish grey) in the NW parts of 
the pit. This change in colouring is gradual and a more reddish appearance of sediments to the 
south is consistent with a similar situation in the underlying SUs. SU1E is very ashy, very fine, 
somewhat compact but easy to dig. Sediments are very dry. The boundaries between SU1E and 
surrounding sediments are gradual but easily recognisable, and occur over a vertical distance of 
approximately 2cm. PH:8.5.
SU1F This unit is a small lens of sediment immediately underlying SU1D. SU1F appears to be 
the stained sediments underneath SU ID; that is, it should not be interpreted as a distinct 
depositional unit, but rather the heat-stained part of sediments located immediately below the 
hearth of SU1D. The boundaries between SU1F and SUI A, and those between SU1F and SU1D 
are distinct. The boundaries between SU1F and SUI G are gradual, taking place over a space of 
4-6cm. Dry Munsell colour 10YR5/3 (brown); pH:8.5.
SU1G Sediments are dry and ashy. Dry Munsell colour: 10YR6/2 (light brownish grey). 
Towards the SW comer of the pit, sediments become more reddish in colour, obtaining a dry 
Munsell of 7.5YR7/4-6/4 (pink to light brown). The boundary of this unit with underlying SU1I 
and SU1H is distinct. These sediments were noted to contain cultural material during excavation. 
The more reddish tinge towards the SW comer appears to be the result of the overlying hearth
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SUIE, which is most pronounced in this area. In this SW comer, the boundary between SU1E 
and SUI G is marked. Sediments are very dry. PH:8.5.
SU1H This unit is a small localised lens immediately above SU1I and, like SU1K and SU1F, 
appears to be a reddish fire-stained sediment as opposed to a distinct depositional unit. It should 
be interpreted as a localised fire-stained part of SU1G. Its boundary with SU1G is gradual, 
occurring over a space of 2cm, but the boundary with underlying SUI I is sudden. Sediments are 
very dry. Dry Munsell colour: 10YR6/1 (pale brown); pH:8.5.
SU1I A very distinct hearth including a fire pit intruding into underlying SU1L,1K and IP. It is 
very well defined throughout, and contains hearth stones. Dry Munsell is 10YR8/1-7/1 (white to 
light grey) ash interspersed with 10YR7/2 (light grey) ash. SUI I contains very large pieces of 
charcoal randomly distributed through the unit. This hearth is most evident in the western part of 
the pit where the western section dissects it in half. PH:8.5.
SU1J A localised lens of ash. Dry Munsell colour is 2.5YR8/0 (white) to 10YR8/1 (white).
This unit is a hearth whose boundaries are for the most part well defined. Sediments are dry ash 
and very fine. PH:8.5.
SU IK This unit is a localised patch of fire-stained sediment immediately below SU II. It should 
not be interpreted as a distinct depositional unit, but rather as part of SUIL that was fire-stained 
by the overlying SUI I. The boundary between SU IK and SU IP is very gradual, as it is between 
SU1K and SU1L. The boundary between SU1K and SU1P occurs vertically over a distance of 
approximately 2cm. Sediments are dry and ashy with a reddish tinge. Dry Munsell colour: 
10YR6/4-6/3 (pale brown to light yellowish brown); pH: 8.5.
SU1L Sediments are dry and ashy. Boundary with underlying SUIP is extremely gradual, 
occurring over 3cm. Sediments were noted to possess cultural materials during excavation. They 
are very fine, and homogeneous across the pit. Dry Munsell colour: 10YR6/2 (light brownish 
grey); pH:8.5.
SU1M Apart from colour differences, the description of SU1M are the same as SUI J. Dry 
Munsell colour: 10YR7/1 (light grey); pH:8.5.
SU1N This unit consists of relatively loose ash. Boundaries with surrounding sediments are 
fairly well defined in most places, but not distinct, occurring over a space of l-2cm. Numerous 
roots and rootlets occur in this unit. Sediments are dry and this unit is interpreted as a hearth.
Dry Munsell colour: 10YR6/2 (light brownish grey); pH:8.5.
SUIO Sediments are very similar to SU1G, but occur below SU1J and above SU IP. SUIO is 
very indistinct and appears to be another ash-rich unit which only occurs in the extreme NE 
comer of the pit. It is probably the very edge of a hearth which remains in situ beyond the 
excavated pit. The boundaries of this unit are ill-defined and merge with surrounding units over 
2cm. Sediments are fine and ashy. Dry Munsell colour: 10YR6/2 (light brownish grey); pH: 8.5.
SU1P This unit is relatively homogeneous and consists of a relatively broad SU compared to 
those above it. Its boundaries with surrounding SUs are always gradual, taking place over 2-4cm, 
with the noticeable exception of its boundary with SUI I which is relatively marked. SU IP is 
very ashy and fine. Dry Munsell colour: 10YR6/3 (pale brown); pH:8.5.
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SUIQ An uneven unit consisting of well defined patches of ash, dry Munsell 10YR8/1 (white) 
and pH:8.5, interspersed among sediments reminiscent of SU1P and SU1R (of colour 
10YR5/3[brown], with a pH:8.5). SUIQ is treated as a single, patchy or mottled SU because the 
patches of ash are not well defined within it but their stratigraphic distribution is well marked and 
constrained within the limits of this SU. SUIQ is interpreted as a distinct hearth where patches 
of ash have been inter-mixed with surrounding sediments of SU IP and SU1R character. Note 
that both the white and brown components of SUIQ are ashy in character. While the boundaries 
of SUIQ are ill-defined, in the sense that the patches of ash appear interspersed in the brown 
sediment, the overall region where the ash occurs is very well defined and distinct. This unit is 
interpreted as a hearth.
SU1R This unit consists of ashy silts whose boundary with overlying SU1P is gradual and 
occurs over approximately 5cm and the boundary with underlying SU2A occurs over 2cm. 
Sediments in SU1R are noticeably less ashy than sediments above and browner in colour. They 
are also more compact and slightly more humid. Dry Munsell colour: 10YR5/3-3/5 (brown to 
yellowish-brown); pH:8.5.
SU2A Sediments are slightly moist and have a dry Munsell colour of 10YR4/4-3/4 (dark 
yellowish brown). These sediments are rich in small calcium carbonate concretions and represent 
a major stratigraphic break from the overlying SUs. Sediment matrix consists of clayey silt and 
is very well defined. Its boundary with underlying SU2B is ill-defined. PH:8.5.
SU2B Sediments are similar to SU2A but boundaries with surrounding SUs are less well defined 
but still occur over some 2cm depth. The major difference with SU2A is that SU2B contains 
lower concentrations of calcium carbonate concretions. Sediments are fine, clayey silt, and 
somewhat moist. Dry Munsell colour: 10YR4/4 (dark yellowish brown); pH:8.5.
SU2C Sediments are silty clay. Sediments are moist and become more clayey with depth. They 
are relatively homogeneous throughout the pit, and some calcium carbonate concretions appear 
throughout. The boundary with the overlying unit is fairly distinct. Sediments are compact 
throughout. There is a large root which grows at the interface of SU2C and SU3. Dry Munsell 
colour: 10YR4/6-3/6 (dark yellowish brown); pH:8.5.
SU3 SU3 is the lowermost SU excavated and appeared to be culturally sterile at the time of 
excavation. It consists of clayey matrix with large amounts of small manganese nodules (<lcm 
in diameter). Sediments are mottled and extremely compact. In the western part of the pit, 
sediments are mottled whitish, but this is less apparent in the eastern part of the pit. Sediments in 
this SU are very difficult to dig due to the humidity and compaction. The interface between SU3 
and overlying SU2B is marked. Dry Munsell colour: 7.5YR5/6-10YR4/6 (strong brown to dark 
yellowish brown); pH:8.5
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APPENDIX B: Data companion for description of stratigraphy of Hay Cave (Holden 1999:123)
XU SU Volume of sediments 
excavated (L)
Weight of sediments 
excavated (kg)
Area excavated 
(m2)
Mean thickness 
of XU (cm)
1 1A 0.5 0.25 0.25 0.1
2 1A 4.5 4 0.25 1.3
3 1A 6 6 0.25 1.8
4 1A+1D+1L 5 5 0.25 1.7
5 1F+1L 4.5 5 0.25 1.4
6 1F+1L 5 5 0.25 1.8
7 1L+1P 5.5 5.5 0.25 2.2
8a 1L(?) 1 1.25 0.12 0.9
9a 1L(?) <0.5 <0.5 0.005 0.7
10 !L+1P 5.5 5.5 0.25 1.7
11 1L+1N+1P 6 5.25 0.25 2
12 1L+1N+1P 5 5 0.25 1.5
13a 1M+1N+1P 3 3 0.15 1.8
14 1N+1P 5 4.75 0.25 2.3
15 IP 5 5 0.25 1.7
16 IP 6 6 0.25 2.6
17 IP 5.5 5.5 0.25 2.2
18 IP 4 4.5 0.25 1.4
19 IP 1 1.5 0.25 0.7
20 IP 6 0.25 2.8
21 IP 6 6 0.25 2.2
22 IP 5.5 6 0.25 2.5
23 IP 5 4.5 0.25 1.9
24 IP 6 6.4 0.25 2.1
25 IP 6 6 0.25 2.1
26 IP 5 5 0.25 1.6
27 1P+1R 7 6.5 0.25 2
28 1R 4.5 4 0.25 1.2
29 1R 7 7 0.25 3.3
30 1R 6.5 7 0.25 2.7
31 1R 6.5 7 0.25 2.7
32 1R 5 5 0.25 1.6
33 1R 5 5.5 0.25 2
34 1R 5 6.5 0.25 2.3
35 2A 3.5 4 0.25 1.4
36 2A 6.5 7.5 0.25 2.5
37 2A 4 5.5 0.25 1.1
38 2A 6 5 0.25 3.2
39 2A 4 4.5 0.25 1.6
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X U SU V olum e o f sedim ents  
excavated (L)
W eigh t o f sedim ents 
excavated (kg)
A rea excavated
(m 2)
M ean thickness 
o f X U  (cm )
40 2A+2B 7.5 9 0.25 2.9
41 2B 8 9 0.25 2.9
42 2B 7.5 8.5 0.25 2.7
43 2B 7 9.5 0.25 3
44 2B 6 8 0.25 2.7
45 2C 8 9.5 0.25 3.2
46 2C 8.5 10 0.25 3.9
47 2C 6.5 8 0.25 2.2
48 2C 6.5 8 0.25 2.7
49 2C 9 10 0.25 3.3
50 2C 6.5 8 0.25 2.4
51 2C 9 11 0.25 3.2
52 2C 3.5 5 0.25 1.6
53 2C 4.5 6 0.25 2
54 2C 4 5.5 0.25 1.4
55 2C 6 7.5 0.25 2.7
56 2C 4 5.5 0.25 2.1
57 2C 4.5 5.5 0.25 2.3
58 3 5 5.5 0.25 1.8
59 3 6 8 0.25 1.9
60 3 6 7.5 0.25 2.5
61 3 5 5.5 0.25 1.1
62 3 4 4.5 0.25 1.6
63 3 3 3 0.18 1.4
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APPENDIX C: Records of excavated material from Hay Cave (Holden 1999:124-125)
XU Bone
(g)
Lithics
(g)
Lithics
(#)
Mussel 
shell (g)
Landsnail 
shell (g)
Egg
shell (g)
Charcoal
(g)
Burnt 
Earth (g)
Calcium 
carbonate (g)
1 0 0.17 1 0 0.1 <0.1 <0.1 2.8 0
2 4 1.05 4 0.2 1.5 0 5.2 27.5 0
3 12 0.03 2 1.2 3.1 6.2 17.6 156.8 0
4 12 0.9 13 0.4 1.6 3.2 9 162.5 0
5 13 6.07 26 1.9 1.3 2.3 9.5 197.9 0
6 7.8 2.46 17 2.5 0.8 2.3 9.1 217.1 0
7 4.4 3.38 18 4.3 1.5 1.5 11.6 236.3 0
8 0.8 0.25 1 <0.1 0.9 0.2 1.3 34.2 0
9 0 0 0 0 0 0 0 2.2 0
10 8.1 3.88 10 0.9 0.5 1.5 18.4 96.4 0
11 4.4 5.62 14 4.7 0.9 1.3 20.6 69 0
12 5 2.05 21 3.3 0.8 1.8 20.1 87.6 0
13 2.1 1.04 12 1.5 0.3 1 15.9 43.9 0
14 4.5 18.3 15 2.6 0.7 1.7 30.9 17.9 0
15 9.4 9.8 25 8.1 1.5 2.2 41.3 80.5 0
16 8 4.7 31 6.1 2.8 3.7 41.6 55.7 3
17 7.9 16.2 31 3.6 1.9 3.4 28.1 38.4 0
18 12 2.05 26 2.8 0.1 2.5 16.6 38.4 1
19 5 3.25 4 1.6 0.5 0.8 5.5 14.8 0
20 14 6.74 43 2.6 1.4 2.6 15.5 86.5 0
21 22 4.46 33 4 2.4 3.8 17.5 85.5 0
22 25 2.35 28 0.4 2.1 0.2 15.2 65.2 22
23 19 3.33 33 1.6 1.5 1.8 14.5 34.9 0
24 39 12.2 34 <0.1 2.6 2.2 18 45.1 7
25 53 15.6 25 1.8 2.5 1.7 13.1 40.5 3
26 24 6.66 38 0.3 2.3 1.3 7.4 30.1 0
27 37 30.2 59 0.1 4.4 2.2 15 46.4 0
28 20 11.5 48 0.1 3.9 1.8 8.2 33.2 0
29 36 29.7 118 0.3 4.6 1.9 11.5 51.1 7
30 36 32.3 97 0 7.4 2.2 13.8 64.4 3
31 36 13.5 82 <0.1 8.7 2.1 13 87.2 2
32 62 22.9 62 0.2 11.7 2.1 10.2 59.3 25
33 75 26 34 0 19.4 2.7 8.3 57.2 20
34 5.8 6.45 35 0 45.9 2.5 7.3 54.4 174
35 34 2.51 20 0 31.3 1.8 2.2 38.9 174
36 58 4.14 12 0.1 49.2 2.1 2.4 130.7 1368
37 6 6.64 4 0 126.3 0.2 0.2 43.4 2255
38 12 2.25 4 0 427.1 0.4 0.6 51.2 1634
132
X U B o n e
(g)
L ith ic s
(g)
L ith ic s
(#)
M u sse l 
sh e ll (g)
L a n d s n a i l  
sh e ll (g)
E g g  
sh e ll (g)
C h a rc o a l
(g)
B u r n t  
E a r th  (g)
C a lc iu m  
c a r b o n a te ( g )
39 12 0.12 3 0 452 .9 0.3 0.2 21.3 301
40 22 10.1 8 0 688 0.4 0.5 43.5 406
41 18 10.1 2 0 634.2 0 0.4 40 .7 171
42 21 5.56 8 0 457.2 0.1 0.1 37.6 87
43 61 8.94 6 0 388.6 <0.1 0.4 87.2 202
44 35 0.07 1 0 274.7 <0.1 0.6 77.7 481
45 97 1.85 1 0.8 306.2 <0.1 1.5 225 .7 209
46 99 0.03 1 0 307.8 0 0.3 109.2 344
47 101 7.79 8 0.2 259.4 0 0.2 41.5 39
48 97 0.25 3 1.4 237 <0.1 0.2 57.6 37
49 99 66.9 3 0.9 210.4 0 0.3 124.1 38
50 90 6.15 10 6.1 121.4 0 <0.1 112 20
51 104 0 0 0.3 104.9 0 0.5 100.2 3.2
52 51 5.96 5 0.3 24.5 0 0.2 54.5 34
53 96 11.7 18 1.1 43 .2 0 0.1 126.2 53
54 78 15.1 12 0.1 48.6 0 0.1 58.4 89
55 114 12.8 6 0.4 42 .9 0 0.1 61.7 73
56 96 17.8 15 0.2 33.8 0 0.1 51.9 55
57 102 6.16 17 0.1 43 .7 0 0.1 62.6 21
58 114 14.5 7 0 51.7 0 0 57 0
59 160 12.5 22 0 116.9 0 0 127 130
60 103 3.61 9 <0.1 53 0 <0.1 48 4
61 22 0.38 6 0 5.9 0 0 8.4 0
62 8.1 2.11 1 0 0.4 <0.1 0 0.5 0
63 2 0 0 0 0.2 0 0 0 4
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A PPE N I>IX D: Record sheets for identifiable post-cranial bone
XU BN W (g) Skeletal elem ent Taxon C om m ents
7 1 0.3 Claw Large
10 1 Vertebra Rodent
13 1 Vertebra (caudal) Rodent
16 1 0.8 Carpal/Tarsal
19 1 0.4 Proximal tibia Size o f Pseu. peregrinus 
(ringtail possum)
25 1 0.7 Left humerus T. vulpecula
3 3.7 Proximal tibia Mammal Approximately the size 
o f  a A. rufescens (rufus 
bettong)
28 1 0.5 Carpal/Tarsal Macropod Size o f Petrogale sp.
34 1 0.2 Cranial bone fragment Rodent
2 2.7 Distal tibia Approximately the size 
o f a A. rufescens
3 1.8 Proximal femur (including 
femur head)
Macropod Approximately the size 
o f  W  bicolour 
(swamp wallaby)
4 Vertebra (caudal) Rodent
5 2.7 Carpal/Tarsal M acropod Size o f M. rufogriseus
40 1 Humerus Rodent
2 0.1 M etacarpal Size o f  Pseu. peregrinus
43 1 Proximal femura (including 
femura head) x2
Rodent
2 1.1 Proximal tibia Approximately the size 
o f  A. rufescens or a 
possum
3 0.1 Vertebra (thoracic) Smaller than Pseu. 
peregrinus
46 1 6.8 Proximal femur ( including 
femur head)
M acropod Large macropod similar 
in size to M. robustus
2 Vertebra
3 Proximal ulna Rodent
4 Proximal femura x2 Rodent
5 M etacarpal/Metatarsal Size o f T. vulpecula
49 1 Claw Small
2 Vertebra (caudal) Rodent
3 0.4 Vertebra Size o f A. rufescens)
4 Vertebra (caudal) Similar to T. vulpecula)
5 2 Carpal/Tarsal Macropod Size o f  M. parryi or 
M. agilis
52 1 Distal humerus Rodent
2 Calcaneum Rodent
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X U B N W (g) Sk eleta l e lem en t T axon C om m en ts
52 3 F em u r
4 T arsal S ize o f  A. ru fescens
5 M etacarp a l/M eta ta rsa l R o d en t
55 1 M etacarp a l/M eta ta rsa l R o d en t
2 V erteb ra  (caudal) R o d en t
3 0.1 C law s X 3 1 X m ed iu m , 2 x  sm all
4 0.4 P ro x im a l tib ia P o ssu m  sized
5 1.8 P ro x im a l fem u r S ize o f  T. vu lpecu la
58 1 0.2 C law L arge
2 0.1 C law M edium
3 V erteb ra  (cerv ica l) R o d en t
4 V erteb ra  (caudal) R o d en t
5 V erteb ra  (cauda l) R o d en t
6 V erteb ra  (cauda l)
7 V erteb ra  (cerv ica l)
8 C law Sm all
9 P ro x im a l fem u ra  (inc lu d in g  
fem u ra  h ead ) x2
R o d en t
59 1 V erteb ra R o d en t
2 0.9 V erteb ra
3 F em u ra  xlO R o d en t
4 H u m eri x4 R o d en t
5 C alcaneum R o d en t
6 V erteb ra R o d en t
7 V erteb ra R o d en t
8 V erteb ra R o d en t
9 V erteb ra R o d en t
10 V erteb ra R o d en t
11 V erteb ra L arg e  ro d en t
12 V erteb ra R o d en t
13 C law Sm all
14 C law M ed iu m
15 C law M ed iu m
16 C law S m all
17 C law M ed iu m
18 C law M ed iu m
19 C law S m all
20 C law Sm all
21 C law S m all
22 1.3 C alcan eu m M acro p o d S ize  o f  P e tro g a le  sp.
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X U BN W(g) Skeletal element Taxon Comments
59 23 C alcan ea  x7 R o d en t
60 1 C law M ed iu m
2 0.1 C law L arge
3 0.1 M eta ta rsa l/M etacarp a l S ize o f  T. vu lpecu la
4 M eta tarsa l ?M etacarpal S ize o f  T. vu lpecu la
5 0.4 P ro x im a l fem u ra  x l8 R o d en t
6 P ro x im a l u ln a  x2 R o d en t
7 D ista l h u m eri x4 R o d en t
8 0.5 V erteb rae  x  22  (1 2 x  cauda l) R o d en t
9 V erteb rae  x  4 L arg e r th a n  roden t, 
sm alle r th an  possum
10 V erteb rae  x2 R o d en t
11 0.6 V erteb ra M acro p o d Size o f  M. a g ilis  o r  M . 
arry i
12 C alcan eu m  x9 R o d en t
61 1 C law M edium
2 P ro x im a l u ln a R o d en t
3 D ista l h u m eri x4 R o d en t
4 0.1 P rox im al fem u ra  x4 R o d en t
5 0.1 V erteb rae  x5 R o d en t
6 V erteb rae  x2 R o d en t L arg e  ro d en t
7 0.1 C alcan eu m  x3 R o d en t 2 sm all roden t, 1 large 
ro d en t
62 1 P ro x im a l fem u r R o d en t
2 D ista l tib ia R o d en t
3 0.1 V erteb rae  x4 R o d en t
Key:
BN=Bone
number.
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APPENDIX E: Record sheet of identifications of teeth and jaws
XU TN W(g) Type of dental element Taxon Burning Comments
4 1 0.2 URM2 M . g ig a n tea s
2 0.1 LLM4 anterior portion M . ro b u stu s
3 URM2 T. vu lp ecu la
4 URM4 I. obesu lus
7 1 0.2 ULPM M . ro b ustus
2 ULM3 B. tro p ica
10 4 0.9 LR mandible 1. M a cro u ru s
5 0.4 ULM3 M a cro p u s  sp.
6 0.2 LR mandible D. h a lla ca tu s
8 0.1 Lower mandible A g a m id a e Medium sized
13 1 0.1 LI (partial) P etro g a le  sp.
2 LRM3 D. h a lla ca tu s
25 1 0.8 UR maxilla (partial) with 
M4 and M3 (partial)
P etro g a le  sp.
2 0.1 ULM1 P e tro g a le  sp.
4 0.1 ULM1 P e tro g a le  sp.
5 0.1 URPM M . a g ilis Deciduous
6 URPM P e tro g a le  sp. Carb. Deciduous
7 LLPM M . a g ilis
8 0.1 URPM P etro g a le  sp.
9 LLM2 (anterior portion) P etro g a le  sp. Deciduous
11 0.1 URC1 T. vu lp ecu la Carb.
13 ULI2 P etro g a le  sp.
28 1 URI3 M . p a rry i
2 LLM3 Pe. nasu ta B-G cal
3 URM2 T. vu lp ecu la
4 UI1 P etro g a le  sp. B-G cal
5 0.1 URM3 P etro g a le  sp. G cal
6 URM3/M4 P etro g a le  sp.
7 URPM (deciduous) P etro g a le  sp. G cal
8 0.4 URM2 P etro g a le  sp.
31 1 0.2 LLI1 P etro g a le  sp.
2 0.2 LLM4 (anterior portion) P e tro g a le  sp.
3 0.1 LRM4 (anterior portion) P e tro g a le  sp.
5 ULM4 (posterior portion) P e tro g a le  sp.
6 URM4 (anterior portion) P etro g a le  sp.
7 0.1 LRM4 (anterior portion) P e tro g a le  sp. Molar in process of 
of erupting
8 URM2 (buccal portion Pe. nasu ta
9 LPM (partial) M . ro b ustus
10 LRM3 P e tro g a le  sp. B-G cal
11 URPM M  ag ilis
34 1 1.1 LR mandible with PM and 
Ml
T. vu lp ecu la
2 ULI2 ULI2 P etro g a le  sp.
3 0.1 LLM1 M . ag ilis
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XU TN W(g) Type of dental element Taxon Burning Comments
34 4 URM4 (anterior portion) Petro gale sp.
5 U R O T. vulpecula
6 LRM4 (anterior portion) Petrogale sp. B-G cal
7 LRM3 (anterior portion) Petrogale sp.
8 LLM3 (anterior portion) Petrogale sp. G cal
9 0.1 ULI1 Rodent
10 0.1 LLI1 M acropod
37 1 UM  (very fragmented) Macropod
40 1 LRM1 Ps. gracilicaudatus
2 0.1 LRM4 Petrogale sp. G cal
3 URI3 Petrogale sp.
4 LRM1 Ps. gracilicaudatus
6 LL mandible (partial) with 
M l
and M3
Pseudomys sp.
7 0.2 UR maxilla (partial) with 
M l
C. penicillatus
43 1 ULI1 Ps. gracilicaudatus
3 0.3 URM4 Petrogale sp.
4 3.6 LL mandible (partial) with 
M2, M3 and M4
Petrogale sp.
5 4.9 UL maxilla with PM, M l, 
M2, M3 and M4
Petrogale sp.
6 2.1 UR mandible (partial) with 
M2, M3 and M4
Petrogale sp. M 4 erupting
7 0.2 M (very fragmented) Macropod Size o f  M.parryi
8 M  (very fragmented) Macropod Carb.
9 0.2 LL mandible (partial) with 
M l and M2
Ps. gracilicaudatus
10 0.1 LLM M acropod Size o f M parryi
12 8.4 LL mandible with M3 and 
M4
M. agilis
46 1 LLM (partial) with M l Pseudomys sp. (#1) Is species not pres­
ent in QLD 
museum
2 0.1 ULI2 M. parryi
3 LLI1 M acropod Unworn
4 0.1 LRI Macropod Unworn
5 0.1 ULPM M. agilis
6 0.2 ULPM Petrogale sp.
7 0.3 URI3 M. agilis B-G Cal
9 2.1 LR mandible (partial) with 
M3 and M4
Petrogale sp.
10 0.2 UL m axilla (partial) with 11 Petrogale sp.
11 0.3 LR mandible with 3 teeth Ti. scincoides ID by P.Couper
12
13
1.3
0.9
LR mandible 
LR mandible with M3
Petrogale sp. 
Petrogale sp.
14 0.1 UL m axilla with M l and M2 Ps. gracilicaudatus
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X U T N W (g) T yp e o f  d en ta l e lem en t T axon B u rn in g C om m en ts
49 1 10.9 L R  m an d ib le  w ith  M 4 M . ro b ustus C arb. M 4 e rup ting
2 0.1 L R  m an d ib le  w ith  M l ,  M 2 
an d  M 3
P s. g ra c ilica u d a tu s
3 0.7 U R M 2/M 3 M. ro b ustus W  C al
4 0.7 URI1 M acro p o d Carb. S ize o f  M .parryi 
an d  M . ag il is
5 0.3 U R M 4 M . a g ilis B -G  Cal
6 0.1 URI1 R o d en t
7 0.1 L R M  (dec id u o u s) P e tro g a le  sp.
8 0.1 U L M 3 P e tro g a le  sp. W  C al
10 0.1 L o w er 11 M acro p o d Size o f  M . pa rry i
11 U LM 1 R. tunneyi
12 L L M  (d ec iduous) P etro g a le  sp.
14 LRI1 R o d en t S ize o f  Ps. a u stra l is
15 U L I R o d en t S ize o f  P s.a u stra lis
16 U R M 3 1. obesu lus
18 0.2 M  (an te rio r fragm ent) M acro p o d B -G  C al V ery  frag m en ted
22 U L M 2 and  M 3 Ps. g ra c ilica u d a tu s
23 0.1 M an d ib le Ti. sc in co id es ID  b y  P .C o u p er
24 0.1 L R M 3 and  M 4 S. m urina
25 0.1 L R  m an d ib le  (p artia l) w ith  
M 4
S. m urin a
26 L L  m an d ib le  (p artia l) w ith  
M l  an d  M 2
P seu d o m ys  sp. (#J)
27 LRM 1 Ps. g ra c ilica u d a tu s C arb.
28 U R M 3 Ps. g ra c ilica u d a tu s B -G  C al
29 L o w er m an d ib le Sc in c id a e C arb
52 1 0.1 L L P M M . ag ilis
2 0.1 U R M 3/M 4 P etro g a le  sp. C arb.
3 0.1 U L P M  (partia l) M . a g ilis
4 L R M 4 (an te rio r p o rtion ) P etro g a le  sp.
5 0.1 U L I2 P etro g a le  sp.
6 U R I2 M . p a rry i
55 1 1.2 U L  m a x illa  (p artia l) w ith  M l 
(p artia l), M 2  and  M 3 (p artia l)
P etro g a le  sp.
2 0.3 L L P M P etro g a le  sp. P M  erup ting
3 0.1 U L I 1 P e tro g a le  sp.
4 L L I2 P etro g a le  sp.
5 U L I2 M . p a rry i
6 U L I2 M . p a rry i
7 0.2 U L M 4 P etro g a le  sp. Carb.
8 LI1 R o d en t Carb.
9 U LI3 P etro g a le  sp.
10 U L M 4 P etro g a le  sp. B -G  C al
11 L L M 3 P e tro g a le  sp.
12 0.1 U R M 4 (an te rio r p o rtio n ) M acro p o d V ery  frac tu red
13 L P M  (p artia l) P etro g a le  sp. B -G  Cal
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55 14 L L M  (partia l) P etro g a le  sp. C arb.
15 LL M 1 P etro g a le  sp. C arb. V ery  w orn
16 LLM 1 R o d en t Size o f  R. sord idus
17 U L P M P etro g a le  sp. C arb.
58 1 0.1 U L M 3 P etro g a le  sp.
2 0.1 U R M 4 (p o ste rio r p o rtio n ) P etro g a le  sp. B -G  Cal
3 0.1 L L  m an d ib le  (p artia l) w ith Ps. g rá c ilicauda tus
M l an d  M 2
4 0.1 U L M 4 P etro g a le  sp.
6 U LI2 M . p a rry i B -G  C al
7 L L M 4 (an te rio r p o rtion ) P etro g a le  sp. G C a l
8 0.1 U LI2 M . p a rry i C arb
9 0.1 L L M 4  (p o ste rio r p o rtion ) P etro g a le  sp. G C a l
10 U1 m ax illa  (partia l)  w ith  M l Ps. g ra c ilica u d a tu s
11 L R M 3 (p o ste rio r p o rtion ) P etro g a le  sp. B -G  Cal
12 0.1 U L M 2 (p o ste rio r p o rtion ) P etro g a le  sp.
13 LL M 1 (partia l) R o d en t T oo b ro k en  to  id
14 U R I2 M . p a rry i B -G  C al
15 M  (p artia l) M acro p o d B -G  C al T oo  b ro k en  to  id
16 U R M 3/M 4 P etro g a le  sp.
17 U L P M  (partia l) M acro p o d T oo  b ro k en  to  id
18 U p p er P M  (p o ste rio r P o ssu m B -G  Cal
p o rtion )
19 U LM 1 P etro g a le  sp.
20 U L  m a x illa  (p artia l) w ith  M l R. tunneyi/R . so rd idus B -G  C al
22 U R I2 M . p a rry i B -G  C al
23 U L I2 M . p a rry i
24 U R M 3 P e tro g a le  sp. B -G  Cal
25 U R I2 P etro g a le  sp.
26 M  (p artia l) M acro p o d T oo  b ro k en  to  id
32 URJ1 P etro g a le  sp. B -G  C al
33 L L M 4  (p o ste rio r p o rtio n ) P etro g a le  sp. B -G  C al
34 U L M 4 P etro g a le  sp. B -G  C al
35 U L M 4 (p o ste rio r p o rtio n ) P etro g a le  sp.
36 U R I3 P etro g a le  sp. G C a l
38 0.1 URI1 M acro p o d C arb
39 M  (p artia l) M acro p o d B -G  C al Size o f
M .a g ilis /p a rry i
40 11 R o d en t C arb.
41 U L I2 P e tro g a le  sp. C arb.
42 U L I2 M acro p o d S ize o f
M .a g ilis /p a rry i
43 U LI3 P e tro g a le  sp. B -G  C al
59 1 2.9 L L  m an d ib le  w ith  M 3 an d P e tro g a le  sp. W  Cal
M 4
2 0.3 U L M 4 P etro g a le  sp.
3 0.1 U L M 4 P e tro g a le  sp.
4 0.1 U R M 4 P e tro g a le  sp. B -G  Cal
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5 0.4 URM4 (anterior portion) M .robustus
6 1.7 LI1 Macropod Carb Size o f 
M . ro b u stu s / 
g ig a n teu s
7 0.1 ULM3/M4 Macropod Size o f
M . a g ilis /p a rry  i
8 0.2 ULM2 P etro g a le  sp.
9 0.1 ULM1 P etro g a le  sp.
10 0.1 LRPM P e tro g a le  sp.
11 0.1 LRM4 (anterior portion) P e tro g a le  sp. G C al
12 URO P etro g a le  sp.
13 ULI2 P etro g a le  sp.
14 0.1 ULM2/M3 Macropod Size of
M .a g ilis /p a rry i
15 ULM4 P etro g a le  sp. B-G Cal
17 URU P etro g a le  sp.
18 ULPM B. tro p ica G C al
19 0.5 ULM3/M4 P e tro g a le  sp.
20 0.2 LL mandible with M l and 
M2
R. tunneyi/R . so rd id u s
21 LLM1 B. tro p ica Carb.
22 URM2 R. tu n n ey i/so rd id u s
23 LLM1 Ps. g ra c ilica u d a tu s
24 LLM2 Rodent B-G Cal Too worn to id- 
size o f
C. p en ic illa tu s
25 LRM2 R. tunneyi/R . so rd idus
26 UI1 Rodent
27 LLM1 Ps. g ra c ilica u d a tu s
28 M  (partial) Rodent B-G Cal Too fractured to id
29 LRM1 Ps. g ra c ilica u d a tu s Carb.
30 LLM1 R. tunneyi/R . so rd id u s B-G Cal
31 LLM1 P s. g ra c ilica u d a tu s Carb.
32 LLM1 P s. g ra c ilica u d a tu s G C al
33 URM2 R. tunneyi/R . so rd idus
34 LLM3 B. tro p ica
35 LRI1 Rodent Size o f
Ps. g ra c  il icadatus
36 URM2 Ps. g ra c ilica u d a tu s
37 UI1 Rodent Size o f  Ps. au stra lis
38 URM  (partial) M acropod Too fractured to id
39 LRM3 1. m acro u ru s
40 M Bandicoot Too worn to id
41 ULM1 P etro g a le  sp. Very worn
42 URM3 (posterior portion) P e tro g a le  sp.
43 URM3 (anterior portion) P etro g a le  sp. B-G Cal
44 ULM  (anterior portion) M acropod
45 URM1 P et. norfo lcen sis 1
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59 46 LRM3 R. tunneyi/R . so rd id u s
47 LLM2 R. tu n n e y i/R so rd id u s
48 LRM1 P seu d o m ys sp. (#1)
49 LRM1 Ps. g ra c ilica u d a tu s
50 0.1 ULI1 Macropod Size o f  P etro g a le  
sp.
51 Lower 11 Rodent
52 0.2 Lower 11 M acropod
53 LRM3 Ps. g ra c ilica u d a tu s
54 LR mandible Rodent
55 LR mandible (partial) with 
M l
M e. b u rto n i Carb.
56 LR mandible (partial) with 
M l
Ps. g ra c ilica u d a tu s Carb.
57 UR maxilla (partial) with 
M l
Ps. g ra c ilica u d a tu s Very unworn
58 UR maxilla (partial) with 
M l
R. tu n n e y i/R so rd id u s Carb.
59 Lower 11 Rodent Size o f  Ps. a u stra l is
60 Lower 11 Rodent Too fractured to id
61 ULM1 Pet. norfo lcen sis
60 1 LLMI Ps. g ra c ilica u d a tu s
2 LLM1 R. tunneyi
3 URM1 R. tunneyi/R . so rd id u s
5 LRM1 (partial) Ps. g ra c ilica u d a tu s  
or Ps. sh o rtr id g e i
Too fractured to 
Differentiate
6 M  (partial) Rodent Too fractured to id
7 LLM I Ps. g ra c ilica u d a tu s
8 LR mandible with M l and 
M2
Rodent Too worn to id
9 ULM1 Ps. g ra c ilica u d a tu s
12 URPM (posterior portion) Macropod
13 M  (partial) Rodent Too fractured to id
16 URM1 M e. b u rton i
19 M  (partial) Rodent Too worn to id
20 LLM I Ps. g ra c ilica u d a tu s
21 ULM3 U. ca u d im a cu la tu s
22 LRM P h a sco g a le  sp.
24 LM  (partial) Rodent Too fractured to id
28 URI3 P e tro g a le  sp. B-G Cal
31 URM1 (partial) Rodent
32 URM1 P s. p a tr iu s
33 LLM I Ps. g ra c ilica u d a tu s
34 0.1 LLPM M . a g ilis
35 0.1 URM2 (middle portion) Macropod Size o f
M . a g il is/parryi
36 LRI1 Macropod
37 0.1 ULPM  (deciduous) P etro g a le  sp.
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60 38 0.1 U R M 3 (m id d le  po rtion ) P etro  g a le  sp.
40 0.1 M  (partia l) M acro p o d T oo  fractu red  to  id
41 0.1 L L M 4 P etro g a le  sp.
42 L R M 4 P etro g a le  sp.
43 M  (partia l) M acro p o d Size o f  P etroga le  
sp.
44 U L M 4 (an te rio r po rtion ) P etro g a le  sp.
49 L R M 3 (an te rio r p o rtion ) M es. g o u ld ii
52 L R P M  (dec id u o u s) P etro g a le  sp.
60 URI1 R o d en t Size o f
P s.g ra cilica d a tu s
61 U M  (p artia l) R o d en t T o o  frac tu red  to  id
64 L M  (p artia l) R o d en t T oo  frac tu red  to  id
66 LLI1 R o d en t S ize o f
Ps. g rá c il icadatus
67 LI1 R o d en t T oo  frac tu red  to  id
69 U R M 1 Ps. g ra c ilica u d a tu s
72 U L  m ax illa  (partia l) w ith  M l 
an d  M 2
R o d en t T oo w orn  to  id
73 U L M 4 (p o ste rio r p o rtion ) P etro g a le  sp. G C a l
74 0.1 U LM 1 P etro g a le  sp.
75 L R  m an d ib le  (p artia l) w ith  
M l ,  M 2 an d  M 3
Ps. g ra c ilica u d a tu s
76 U R M 1 (p o ste rio r po rtion ) M acro p o d
77 L R  m an d ib le  (p artia l) w ith  
M l an d  M 2
R o d en t T oo  frac tu red  to  id
78 U L M 3 R. tunneyi
79 L R M 2 and  M 3 Ps. g ra c ilica u d a tu s
80 U L M 2 (an te rio r p o rtio n ) P etro g a le  sp. B -G  Cal
81 L L M 4 (an te rio r po rtion ) P etro g a le  sp. Carb.
82 URI1 R o d en t S ize o f  R. so rd id u s / 
T unneyi
83 U L  m a x illa  (p artia l) w ith  M l P s. g ra c ilica u d a tu s
84 U M M acro p o d T oo frac tu red  to  id
85 U LI3 P etro g a le  sp. Carb.
61 1 0.2 U R P M P etro g a le  sp.
2 LR M 1 C. p en ic illa tu s
3 U R M 3 C. p en ic illa tu s
4 L L M  (p o ste rio r p o rtion ) P e tro g a le  sp.
5 U R P M P etro g a le  sp.
6 URI1 R o d en t S ize o f
P s.g ra c ilica u d a tu s
7 M  (p artia l) R o d en t T oo  frac tu red  to  id
8 UI1 R o d en t
9 ULI1 R o d en t Carb. S ize o f
Ps. g rá c il icauda tus
10 M  (p artia l) M acro p o d G C a l T oo frac tu red  to  id
11 U M 1 R a ttu s  sp. Size o f  R lu tr e o lu s
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61 12 LLM1 Ph. tapoatafa
13 UL maxilla (partial) with Ml Z. argurus
14 LLM2 and M3 S. murina Carb. Very worn
15 UL maxilla (partial) with Ml 
M2 and M3 (partial)
Ps. gracilicaudatus
16 LR mandible with M l, M2 
and M3
Ps. gracilicaudatus
17 UR maxilla (partial) with 
Ml
Ps. gracilicaudatus
18 UL maxilla (partial) with Ml Rodent Too worn to id. 
Size of Ps.australis
62 1 LR mandible with Ml and 
M2
R. tunneyi/R. sordidus
2 LL mandible with Ml, M2 
and M3
R. tunneyi/R. sordidus
3 LLI1 Rodent Size of Rtunneyi
4 LRM Macropod Carb. Too fractured to id
5 ULM (posterior portion) Macropod Carb. Too fractured to id
6 LI Rodent Size of R. tunneyi
8 URI1 Rodent Size of R. tunneyi
10 ULM1 C. penicillatus
11 ULM2 C. penicillatus
12 LLM2 C. penicillatus
13 URI] Rodent Carb. Size of
Ps. gracilicaudatus
14 URI2 Rodent Carb. Size of Ps.australis
15 LLI2 Rodent Carb. Size of Ps.australis
16 UI1 Rodent Size of R. sordidus
17 UI2 Dasyurid sp.
18 UL maxilla (partial) Ps. gracilicaudatus B-G Cal
63 1 LLM Dasyurid sp.
2 ULM1 Me. burtoni
3 ULI1 Rodent Size of R. sordidus
4 LLM2 C. penicillatus B-G Cal
5 LR mandible with Ml Pseudomys sp. Size of
Ps.gr acilicadatus
6 LRM1 Ps. gracilicaudatus
Key: TN=tooth number; B. =Bettongia; C. =Conilurus; D. =Dasyurus; I. =Isoodon; M. =Macropus; 
Me. -Melomys; Pe. =Perameles; Pet. -Petarus; Ph. =Phascogale.
Ps.=Pseudomys; R.=Rattus; S.=Sminthopsis; T.=Trichosurus; Ti.=Tiliqua; U=Uromys
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Appendix G; Weights of teeth and jaws
XU B-G
calcined (g)
W & G  
calcined (g)
Carbonised
(g)
Unburnt (g) Total (g)
1
4 0.3 0.3
7 0.2 0.2
10 1.6 1.6
13 0.7 0.7
16
19
22
25 0.5 1.5 2
28 0.2 0.6 0.8
31 0.1 0.1 1 1.2
34 0.1 0.1 1.7 1.9
37
40 0.1 0.7 0.8
43 0.2 0.2 19.8 20.2
46 0.3 5.8 6.1
49 0.5 0.8 11.6 0.6 13.5
52 0.9 0.3 1.2
55 0.3 0.4 1.7 2.4
58 0.6 0.4 2 0.5 3.5
59 0.9 3 3.6 4.9 12.4
60 1.8 1.4 3.2
61 0.3 0.3 0.6
62 0.1 0.1 0.2
63
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APPENDIX H: Statistics
Assessment of murid and macropod proportions per time unit using Gutmas’s coefficient of 
predictability.
Unit 2 vs Unit 3: 0.0000 
Unit 2 vs Unit 4: 0.0089 
Unit 2 vs Unit 5: 0.3603
Unit 1 vs Unit 2: 0.0250 
Unit 1 vs Unit 3: 0.0994 
Unit 1 vs Unit 4: 0.1238 
Unit 1 vs Unit 5: 0.6941
Unit 3 vs Unit 4: -0.2119 
Unit 3 vs Unit 5: 0.4167
Unit 4 vs Unit 5: 0.2624
Open forest/woodland animal taxa: Unit 1 vs Unit 2 
t-Test: Two-Sample Assuming Unequal Variances
Variable 1 Variable 2
Mean 15.25 13.775
Variance 413.2185 53.34917
Observations 11 4
Hypothesized Mean 
Difference
0
df 13
t Stat 0.206739
P(T<=t) one-tail 0.419708
t Critical one-tail 1.770932
P(T<=t) two-tail 0.839417
t Critical two-tail 2.160368
Open forest/woodland animal taxa: Unit 1 vs Unit 4 
t-Test: Two-Sample Assuming Unequal Variances
Variable 1 Variable 2
Mean 15.25 5.24
Variance 413.2185 3.92
Observations 11 2
Hypothesized Mean 
Difference
0
df 11
t Stat 1.598558
P(T<=t) one-tail 0.069112
t Critical one-tail 1.795884
P(T<=t) two-tail 0.138224
t Critical two-tail 2.200986
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Open forest/woodland animal taxa: Unit 1 vs 5
Test: Two-Sample Assuming Unequal Variances______
Variable 1 Variable 2
Mean 15.25 4.65
Variance 413.2185 4.416667
Observations 11 4
Hypothesized Mean 
Difference
0
df 11
t Stat 1.704597
P(T<=t) one-tail 0.058157
t Critical one-tail 1.795884
P(T<=t) two-tail 0.116315
t Critical two-tail 2.200986
Open forest/woodland animal taxa: Unit 2 vs Unit 4 
t-Test: Two-Sample Assuming Unequal Variances
Variable 1 Variable 2
Mean 13.7775 5.24
Variance 53.34917 3.92
Observations 4 2
Hypothesized 
Mean Difference
0
df 4
t Stat 2.192436
P(T<=t) one-tail 0.046719
t Critical one-tail 2.131846
P(T<=t) two-tail 0.093438
t Critical two-tail 2.776451
Open forest/woodland animal taxa: Unit 2 vs Unit 5 
t-Test: Two-Sample Assuming Unequal Variances
Variable 1 Variable 2
Mean 13.775 4.65
Variance 53.34917 4.41667
Observations 4 4
Hypothesized Mean 
Difference
0
df 3
t Stat 2.401195
P(T<=t) one-tail 0.047886
t Critical one-tail 2.353363
P(T<=t) two-tail 0.095772
t Critical two-tail 3.182449
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Open forest/woodland animal taxa: Unit 4 vs Unit 5 
t-Test: Two-Sample Assuming Unequal Variances
Variable 1 Variable 2
Mean 5.24 4.65
Variance 3.92 4.416667
Observations 2 4
Hypothesized 
Mean Difference
0
df 2
t Stat 0.3142
P(T<=t) one-tail 0.391558
t Critical one-tail 2.919987
P(T<=t) two-tail 0.783115
t Critical two-tail 4.302656
Grassland animal taxa: Unit 2 vs Unit 4
t-Test: Two-Sample Assuming Unequal Variances
Variable 1 Variable 2
Mean 6.775 3.1
Variance 55.50917 8
Observations 4 2
Hypothesized Mean 
Difference
0
df 4
t Stat 0.869174
P(T<=t) one-tail 0.216898
t Critical one-tail 2.131846
P(T<=t) two-tail 0.433797
t Critical two-tail 2.776451
Grassland animal taxa Unit 2 vs Unit 5
t-Test: Two-Sample Assuming Unequal Variances
Variable 1 Variable 2
Mean 6.715 2.775
Variance 55.50917 303291674
Observations 4 4
Hypothesized Mean 
Difference
0
df 3
t Stat 1.042941
P(T<=t) one-tail 1.86812
t Critical one-tail 2.353363
P(T<=t) two-tail 0.373625
t Critical two-tail 3.182449
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Grassland animal taxa: Unit 4 vs Unit 5 
t-Test: Two-Sample Assuming Unequal Variances
Variable 1 Variable 2
Mean 3.1 2.775
Variance 8 3.329167
Observations 2 4
Hypothesized Mean 
Difference
0
df 1
t Stat 0.147845
P(T<=t) one-tail 0.453278
t Critical one-tail 6.313749
P(T<=t) two-tail 0.906556
t Critical two-tail 12.70615
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